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THE  PRECISION  OF  SPECTROPHOTOMETRY 

COMMUNICATION  2.  THE  DIFFERENTIAL  METHOD  AND  THE  OPTIMUM 
CONDITIONS  FOR  SPECTROPHOTOMETRY* 

G.  S.  Tereshin 

The  N.  S,  Kurnakov  Institute  of  General  and  Inorganic  Chemistry, 
Acad.  Sci.  USSR,  Moscow 


Many  papers  have  been  devoted  to  the  question  of  the  precision  of  spectrophotometry.  These  papers  have 
dealt  with  the  sources  of  error,  have  established  the  optimum  experimental  conditions,  and  established  the  maxi 
mum  accuracy  which  is  possible  on  a  given  spectrophotometer.  The  present  article  only  deals  with  the  photo¬ 
electric  method  of  spectrophotometry.  The  equations  which  have  been  taken  from  cited  papers  have  been  sim¬ 
plified  and  given  in  unit  terms  and  designations,  optical  density  being  used  mainly. 

A  Brief  Review  of  the  Equations  for  Precision  in  Spectrophotometry 

Absolute  method.  Twyman  and  Lothian  [1]  in  1933  were  the  first  to  establish  the  optimum  optical  density 
which  will  ensure  maximum  experimental  accuracy.  From  the  expression  for  the  optical  density  they  obtained 
a  relation  between  errors  in  measuring  the  optical  density  AD  and  the  transmission  AT: 


AD  = 


0,43  AT 
T 


(1) 


(T  is  the  transmission). 
Using  Beer's  law 


where  D  is  the  optical  density,  c  is  the  concentration  of  the  absorbing  component,  and  u  is  the  slope  of  the  con¬ 
centration  straight  line,  the  error  in  determining  the  concentration  was  determined.  The  relative  error  of  spectro- 
photometric  analysis  is  determined  by  the  following  equation: 

Ac  AD  _  0,43  AT 

c  -  D  “  r  ‘  (3) 

Twyman  and  Lothian  regarded  AT  as  the  smallest  change  in  transmission  which  can  be  measured.  Accord¬ 
ingly,.  Ac/  C  is  the  minimum  possible  error.  The  authors  only  took  into  account  the  errors  of  the  electrical  setup, 
and  were  of  the  opinion  that  AT  does  not  depend  on  the  transmission  itself  ,T.  Under  these  conditions  the  ex¬ 
perimental  error  has  a  minimum  value  at  Dg^pt.  “  0.43. 

The  differential  method.  In  1937  Kortum  [2]  first  described  a  new  precision  method  of  spectrophotometry 
which  later  was  named  the  "differential*  method. 

The  method  consists  of  measuring  the  optical  density  of  a  solution  of  the  sample,  not  relative  to  the  pure 


Communication  1,  see  J.  Anal.  Chem.  14,  388  (1959). 


solvent  (or  solution  of  reagents)  with  a  zero  or  near  zero  absorption,  but  relative  to  a  standard  solution,  containing 
a  known  amount  of  the  test  component  complexed  as  a  colored  compound  with  the  same  reagents  as  those  used  for 
the  test  solution,  the  optical  density  of  the  standard  solution  used  being  high  (about  2.0). 

The  method  of  measurement  on  the  spectrophotometer  remains  the  same  as  in  the  absolute  method,  but  the 
zero  standard  which  is  placed  in  the  light  beam  on  setting  up  the  optical  density  scale  at  zero  is  not  a  solvent 
plus  reagents  as  in  the  absolute  method,  but  a  standard  solution  of  the  test  component  in  the  form  of  a  colored 
compound.  Under  such  conditions  the  slit  width  is  considerably  increased  so  that  the  light  beam  falling  on  the 
photoelement  does  not  change  as  the  result  of  its  absorption  by  the  solution. 

Of  articles  devoted  to  developing  the  differential  method,  mention  should  be  made  of  the  work  of  Bastlan 
[3-6],  and,  particularly,  Hiskey  [7-11].  Russian  literature  contains  only  individual  brief  mention  of  the  differen¬ 
tial  method  in  a  number  of  articles  of  a  review  nature  [12-14],  This  method  has  hardly  entered  into  laboratory 
practice  at  all  in  Russia. 


For  the  rest  of  this  section  D  and  T  will  designate  the  readings  of  the  spectrophotometer,  and  not  the  ab¬ 
solute  values  of  the  optical  density  and  transmission  (except  in  special,  specified  instances). 


The  optical  density,  i.e.,the  reading  of  the  spectrophotometer  D,  measured  in  the  differential  method,  is 
the  difference  between  the  absolute  optical  densities  of  the  sample  and  the  zero  standard  Dq.  Using 

Beer’s  law,  we  get 


(4) 


where  Cq  is  the  concentration  of  the  absorbing  component  in  the  zero  standard,  and  c  is  the  concentration  of 
this  component  in  the  solution  being  measured  photometrically. 

From  equation  (4),  and  using  equation  (1),  we  get  the  relative  experimental  error  in  determining  the  con 
centration: 


c  Qamps  T  (Do  +  D) 

Hiskey  considered  that  the  error  in  the  transmission  scale  AT  (which  he  regarded  as  a  double  mean  de¬ 
viation)  is  a  constant,  and  is  independent  of  the  reading  itself.  On  this  basis,  Hiskey  showed  that  the  experimental 
error  is  smaller,  the  higher  the  optical  density  of  the  zero  standard,  and  that  the  optimum  reading  of  the  optical 
density  scale,  for  which  the  accuracy  of  the  analysis  is  a  maximum,  is  expressed  by  the  equation 

(6) 

^expt,  ~  ®*43  “  Do« 


For  optical  densities  of  the  zero  standard  greater  than  0.43,  Hiskey  considered  a  reading  of  D  =  0  as  the 
optimum  (since  the  spectrophotometer  scale  does  not  have  negative  values  of  optical  density). 

It  should  be  observed  that  all  the  equations  for  the  differential  method,  for  zero  values  of  Dg  and  Cg,  hold 
true  for  the  absolute  method.  Accordingly,  henceforth,  we  shall  regard  the  differential  method  as  the  most 
general  method. 

The  Optimum  Conditions  for  Spectrophotometric  Analysis 

We  have  shown  earlier  [15]  that  the  error  in  measuring  the  reading  of  the  transmission  scale  depends  on  the 
reading  T  itself.  During  measurements  on  a  spectrophotometer  with  electrical  compensation,  only  the  instrument¬ 
al  error  o„  is  a  constant,  this  error  being  the  result  of  the  insufficient  sensitivity  of  the  spectrophotometer, 

^  inst. 

and  the  visual  errors  of  measurement.  The  cuvette  error  which  is  determined  by  the  non -reproducibility  of  the 
state  of  the  cuvette  is  strongly  dependent  on  T.  It  is  necessary  to  establish  the  optimum  conditions,  taking  the 
latter  error  into  account. 

In  order  to  obtain  a  correct  solution  of  the  problem  confronting  us,  it  is  necessary  to  analyze  the  relative 
mean  square  error  of  an  analysis: 

O/,  0,43  ffj. 

c  Do+D  T(Do  +  D)  ' 
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In  the  case  where  the  instrumental  error  is  independent  of  T  (e.g,  when  working  with  a  spectrophoto- 

inst. 

meter  with  electrical  compensation),  the  error  in  measuring  the  readings  of  the  transmission  scale  is  expressed  by 
the  following  equation  [15]: 


(8) 


where 


T  = 
lim  o_ 

•  K 


(9) 


is  the  limiting  reading  of  the  transmission  scale,  for  which  the  error  in  the  reading  of  the  transmission  scale 
caused  by  the  non -reproducibility  of  the  state  of  the  cuvette  is  equal  to  the  instrumental  error. 


o ^cuvette  ^  mean  square  deviation  of  the  transmissions  of  the  cuvette  relative  to  one  another  when 


the  cuvette  is  filled  up  repeatedly  with  the  same  solution. 


For  a  given  determination  (constant  sensitivity  of  the  spectrophotometer,  and  the  same  number  of  individual 
readings,  and  the  same  method  of  preparing  the  cuvette)  the  limiting  reading  of  the  scale  is  a  constant. 


Substituting  equation  (8)  in  equation  (7)  we  get: 


T(D^  +  D) 


(10) 


It  follows  from  this  equation  that  in  order  to  increase  the  precision  of  an  analysis  it  is  necessary  to  work 
at  a  fairly  high  spectrophotometer  sensitlvity(in  order  to  lower  OTjust  maintain  the  absorption  of  the  cuvette 

a  constant  (in  order  to  increase  and  to  use  a  zero  standard  with  maximum  optical  density  Dg. 


Readings  on  optical  density  scale 


These  conditions  for  increasing  the  experimental  accuracy 
have  been  noted  earlier. 

In  Fig.  1  is  shown  the  theoretical  relationship  between  the 
function  £  and  the  readings  of  the  optical  density  scale;  Tiimit  = 

=  10  (dotted  lines)  means  that  ^T^uvette  small, 

i.e.,this  curve  for  o.j,  =  =  const.  In  general,  for  high 

values  of  Tiimit*  equation  (10)  transforms  into  Hiskey’s  equation. 
But  usually,  Tiimit  is  considerably  smaller  <  10).  It  is 

precisely  for  this  case  that  the  curves  with  complete  lines  have 
been  drawn  (Tumij  =  */*)  .  These  curves,  as  is  evident  from  the 
diagram,  differ  considerably  from  Hiskey’s  curve  both  with  respect 
to  the  magnitude  of  the  function  and  with  respect  to  the  position 
of  its  minimum.  At  higher  values  of  D  the  curves  merge  into  each 
other,  since  the  instrumental  error  becomes  the  dominating  factor 

[15]. 


Fig.  1.  Precision  curves,  =  1 

(arbitrarily).  Full  lines  -  =  A 

dotted  lines  “  I®*  1)  Absolute 

method;  2)  differential  method  (Dg  = 

=2). 


Differentiating  function  £  with  respect  to  T  and  equating 
it  to  zero. 


dz 

dT 


(i’ll!] 


=  0,  (11) 


(Do  +  D)» 
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we  find  the  optimum  spectrophotometer  reading  (for  which  the  experimental  error  is  a  minimum): 


(12) 


For  Tjjjjjjl-  =  00  (®Tcuvette~  expression  transforms  into  Hiskey’s  equation  (6). 


The  optimum  reading  of  the  spectrophotometer  only  depends  on  the  ratio  ^Xinst  ’ 


the  absolute  values  of  these  errors.  The  optimum  readings  in  various  articles  can  differ  appreciably  from  each 
other  because  of  the  variability  of 

In  order  to  establish  the  effect  of  the  limiting  reading  and  the  optical  density  of  the  zero  standard  on  the 
optimum  reading  of  the  spectrophotometer,  we  differentiate: 


^^exm. 

27^xpt. 

’ilni’lirii-  27Sxpl 

^^exDt. 

^xc^  lim 

o 

0,43  [T^  +27®  1 
lim  expt 

(13) 

(14) 


Both  the  derivatives  are  greater  than  zero.  Accordingly,  on  increasing  and  Dj,  Tg^pt.  increases 

(Dexpt.  decreases),  as  is  evident  from  Fig.  1. 

From  equation  (12)  it  follows  that  for 


Do>0,43 


(15) 


Dexpt.  ^  0,  and,  accordingly,  the  maximum  experimental  accuracy  is  achieved  at  D  =0,  while  the  minimum 
error  is  given  by 


0,430, 


^in.K  ^  + 


lim 


min” 


Do 


(16) 


The  right  part  of  the  inequality  (15)  has  a  positive  value.  Accordingly,  D  =  0  can  only  be  the  optimum 
reading  in  the  differential  method.  Usually,  zero  standards  with  an  optical  density  of  Do  equal  to  about  2  are 
used.  It  can  be  shown  that  in  this  case,  condition  (15)  is  fulfilled  for  >  Vj  .  However,  usually  Yiimit  < 

2.  For  example,  during  determination  of  titanium  as  its  peroxide  complex  in  sulfuric  acid  a  value  of 
of  about  was  obtained  [15].  In  Bastian’s  work  [5]  was  even  lower,  1/7.5.  Thus,  condition  (15)  is 

usually  not  observed,  and,  consequently,  Dgj^p^  >  0.  However,  as  the  curve  for  the  accuracy  of  the  differential 
method  shows  =  V*,  Fig.l),  the  accuracy  at  D  =  0  differs  little  from  This  means  that  the  range  for 

the  optimum  readings  is  wider  than  Hiskey  assumed. 

The  minimum  error  is  found  from  equations  (10)  and  (12): 
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Formula  (17)  does  not  give  a  clear  relationship  between  the  minimum  experimental  error  and  the  optical  density 
of  the  zero  standard.  It  was  shown  above  that  Tg^pt.  increases  on  increasing  Dq.  Accordingly,  the  experimental 
error  is  lower,  the  higher  the  optical  density  of  the  zero  standard. 

The  practical  value  of  the  accuracy  curves,  calculated  taking  into  account  reduces  to  the  fact  that 

they  make  it  possible  to  choose  the  range  of  optical  readings  more  accurately. 

The  value  of  0.43  is  given  in  the  literature  as  the  optimum  value  of  the  optical  density  for  the  absolute 
method,  while  it  is  indicated  that  the  working  range  for  the  optical  density  is  approximately  0.2-0. 8.  This  range 
corresponds  to  a  change  in  the  experimental  accuracy  of  not  more  than  25*70 (for  a-j.  =  const.).  From  equation  (12) 
it  follows  that  in  actual  fact  is  always  greater  than  0.43  in  the  absolute  method  (D  =  0). 

In  Table  1  are  given  the  optimum  readings  and  the  working  ranges  for  the  optical  density  scale.  In  these 
ranges  the  experimental  accuracy  changes  by  25  °lo.  For  the  differential  method,  the  optimum  readings  are  given 
for  Do  =  1  and  Dq  =  2  (in  practice  this  is  the  limiting  value  of  Dq).  The  first  column  in  the  table  (Tiirnit  “  1®) 
gives  the  published  results  (the  cuvette  error  is  not  taken  into  account). 

As  the  results  given  in  the  table  show,  the  optimum  readings  are  considerably  higher  than  those  recom¬ 
mended  in  the  literature. 

In  the  differential  method,  the  working  range  is  several  times  wider  than  follows  from  Hiskey's  equation. 

It  is  very  important  to  choose  the  working  range  correctly.  For  example,  in  the  absolute  method,  fa  a 
minimum  value  of  the  optical  density  of  the  working  range  recommended  in  the  literature  (D  =  0  j2 ),  the  experi¬ 
mental  error  for  ^limit  “  times  the  minimum  error  respectively.  Thus,  the 

use  of  a  correct  working  range  leads  to  a  corresponding  increase,  in  the  accuracy  of  a  determination. 

In  order  to  find  the  optimum  reading  it  is  necessary  to  know  i.e.,  Oxinst 

been  described  in  the  previous  communication  [15],  in  which  the  formula  to  be  used  for  the  calculations  were 
also  given. 

For  speeding  up  analysis  by  the  absolute  method  one  need  not  determine  ®nd  ^xcuvette’ 

this  case  one  should  use  a  narrower  range  of  readings  of  D  :  0.6 -0.8,  since  only  these  readings  are  included  in  the 
working  range  for  all  practically  possible  values  of  (from  10  to  l/lO). 

It  follows  from  the  curves  shown  in  Fig.  1  that  the  gain  in  accuracy  of  the  differential  method,  as  compared 
with  the  absolute  method,  is  less  than  one  should  expect  from  the  formulas  based  on  the  assumption  that  = 

=  const.  [4].  Obviously,  it  is  necessary  to  compare  the  minimum  errors  of  each  method,  and  not  the  errors  of  the 
methods  for  a  given  test  solution  as  Reilley  and  Crawford  recommend  [16], 

Calculations  show  that  the  increase  in  accuracy  when  using  a  zero  standard  with  an  optical  density  of  Dq  = 
2,  for  =  10  (^Xcuvette  ^  equal  to  12.5,  while  for  and  =y7»  values  are 

4.7  and  3,8  respectively.  Accordingly,  in  order  to  obtain  the  highest  gain  in  accuracy,  it  is  necessary  to  prepare 
the  cuvettes  particularly  carefully,  and  to  place  them  in  a  strictly  defined  position  in  order  to  lower  a  Xcuvette. 

It  is  interesting  to  observe  that  on  spectrophotometers  with  a  high  instrumental  error  ^Xinst  ’  ^ 

particularly  advantageous  to  use  the  differential  method  (Tumit  sufficiently  large). 

The  Optimum  Concentration  of  the  Zero  Standard  in  the  Differential  Method 

In  differential  spectrophotometry,  as  pointed  out  already,  measurements  are  carried  out  at  large  slit  widths 
of  the  monochromator.  As  a  result,  the  light  beam  is  not  monochromatic  and  Beer’s  law  is  not  obeyed.  Usually, 
there  is  a  negative  deviation  from  this  law;  the  slope  of  the  concentration  curve  u  decreases  with  increasing 
optical  density  of  the  solution  (relative  to  the  zero  standard)  (Fig.  2). 

However,  the  relation  between  D  and  c,  for  a  given  concentration  of  the  zero  standard  Cj  remains  linear 
up  to  a  definite  value  of  D  and  for  a  sufficiently  wide  slit  of  the  monochromator.  Accordingly,  equation  (4) 
still  holds,  but,  in  this  case,  the  slope  of  the  straight  line  u  depends  on  the  concentration  of  the  zero  standard  Cq. 
Taking  ucj  =  Dq  as  an  arbitrary  optical  density  of  the  zero  standard,  we  obtain  equation  (7)  for  the  experimental 
error. 


Thug,  all  the  conclusions  made  already  hold  true  even  for  the  case  of  a  negative  deviation  from  Beer’s  law. 

The  optimum  value  of  the  spectrophotometer  is  found  by  means  of  equation  (12).  If  for  the  linear 

character  of  the  relation  between  D  and  c  is  destroyed,  i.e,,the  slope  u  decreases,  then  the  measurements  should 
be  made  at  maximum  values  of  D,  for  which  u  still  remains  constant. 

Since  the  experimental  error  is  higher  at  high  values  of  Dq,  the  maximum  accuracy  is  achieved  for  a  max¬ 
imum  arbitrary  optical  density  of  the  zero  standard: 

Do  =  ucq  =  max  (18) 

TABLE  1 

Optimum  Readings  and  the  Working  Ranges  for  the  Optical  Density  Scale 


Method 

''^Hmk 

Do\ 

1 

10 

I 

1/2 

i 

1/4 

1/7 

1/10 

Absolute 

0 

0,43 

0,20-0,80 

0,50 

0,25-0,83 

0,57 

0,31—0,91 

0,70 

0,42—1,05 

0,85 

0,53—1,21 

1,00 

0.63-1,32 

Differentia] 

1 

0 

0-0,15 

0 

0-0,33 

0,20 

0-0,55 

0,43 

0—0,80 

0.63 

0,13-1,02 

0,73 

0,24-1,17 

2 

0 

0-0,12 

0 

0—0,23 

0 

0-0,43 

0,25 

0-0,72 

0,50 

0-0,95 

0,68 

0-1,10 

TABLE  2 

Determination  of  the  Optimum  Concentration  of  the  Zero 
Standard 


Cqi 

mg/ ml 

Slit  width, 
mm 

D 

u  =  d/O.03, 
ml/ mg 

UCo 

0,00 

0  047 

1 

0,456 

15,2 

0,00 

0,03 

0.070 

0,458 

15,2 

0,46 

0,06 

0,113 

0,446 

14.9 

0,90 

0,09 

0^181 

0,428 

14.3 

1.29 

0,12 

0,295 

0,405 

13,5 

1,62 

O.ft 

0,468 

0,337 

11,2 

1,68 

0,18 

0,684 

0,262 

8,7 

1,57 

(U 


This  condition  for  the  choice  of  the  optimum  concentration 
of  the  zero  standard  is  analogous  to  the  condition  found  by  Hiskey, 
which  was  derived  for  the  special  case  T  =  const,  and  Dg^pt  0* 

It  should  be  noted  that  in  order  to  set  the  optical  density 
scale  on  zero  for  each  new  zero  standard,  it  is  only  necessary 
to  change  the  slit  width  of  the  monochromator,  and  not  to  change 

the  sensitivity  by  means  of  the  potentiometer;  otherwise  o_ 

T  inst. 

will  increase  and  condition  (18)  will  not  be  valid  (see  equation 

10). 


Fig.  2.  Negative  deviation  from  Beer's  law.  In  Table  2  are  given  the  results  for  determination  of  the 

optimum  concentration  of  the  zero  standard  for  the  analysis  of 
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titanium  by  means  of  H2O2.  The  method  suggested  by  Bastian  was  used  [5].  A  series  of  solutions  of  titanium  in 
2Cf7o  H2SO4  with  concentrations  ranging  from  0  to  0.21  mg/ ml  at  intervals  of  0.03  mg/ ml,  was  prepared.  Hydro¬ 
gen  peroxide  was  added  to  the  solutions.  Each  solution  was  measured  photometrically  with  respect  to  the  previous 
solution  which  had  a  lower  concentration  (0.03  mg/ ml  less).  Measurements  were  made  on  a  SF-4  spectrophoto¬ 
meter  using  a  cuvette  with  a  layer  thickness  of  1  cm.  The  sensitivity  of  the  spectrophotometer  was  s  =  2  divi¬ 
sions  of  the  milliammeter  per  percent  transmission;  the  wavelength  of  408  mp  corresponded  to  the  maximum  of 
the  absorption  spectrum  of  the  peroxide  complex  of  titanium. 

The  highest  arbitrary  optical  density  was  found  for  a  concentration  of  the  zero  standard  of  0.15  mg/ ml. 
However,  the  slit  width  for  this  concentration  was  1.5  times  greater  than  that  for  0.12  mg/ml,  for  only  an  in¬ 
significant  gain  in  accuracy.  Accordingly,  we  took  0.12  mg/ ml  as  the  optimum  concentration. 

SUMMARY 

A  brief  review  is  given  of  the  equations  for  precision  in  spectrophotometric  determinations. 

Optimum  conditions  for  spectrophotometric  determinations  are  carried  out  taking  into  account  the  non- 
reproducibility  of  the  state  of  the  cuvette.  It  is  shown  that  the  optimum  readings  on  the  optical  density  scale 
published  in  the  literature  are  considerably  too  low.  The  working  range  of  the  scale  readings  in  the  differential 
method  is  considerably  wider  than  that  calculated  without  taking  into  account  the  cuvette  error. 

The  Bastian-Hiskey  condition  for  choosing  the  optimum  concentration  of  the  zero  standard  is  still  valid 
when  the  non -reproducibility  of  the  state  of  the  cuvette  is  taken  into  account. 
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THE  ANALYTICAL  APPLICATION  OF  8 -MERC APTOQUINOLINE 
(THIOOXINE)  AND  ITS  DERIVATIVES 


COMMUNICATION  7.  INNER  COMPLEX  SALTS  OF  THE  HALOGEN  DERIVATIVES 
OF  8-MERCAPTOOUINOLINE  and  their  solubility  in  ORGANIC  SOLVENTS* 

Yu.  A.  Bankovskii  and  E.  F.  Lobanova 


For  increasing  the  sensitivity  of  the  determination  of  low  concentrations  of  elements  by  photometric  and 
other  methods,  extraction  of  such  elements  from  a  large  volume  of  aqueous  phase  into  a  small  volume  of  organic 
solvent  is  often  carried  out.  The  possibility  of  extracting  individual  components  of  a  complex  mixture  from  one 
phase  into  another  is  important,  not  only  for  colorimetry  ,  but  also  as  a  preliminary  operation  in  other  methods 
of  chemical  analysis  and  in  technology.  In  connection  with  enrichment  of  the  extraction  it  is  of  interest  to 
study  the  relation  between  the  solubility  of  the  inner  complex  salts  of  the  metals  and  the  structure  of  the  reagent 
molecule,  and  to  study  the  nature  and  position  of  substitutents  in  derivatives  of  the  reagent.  The  solubility  of  the 
inner  complex  salts  of  8-hydroxyquinoline  in  organic  solvents  has  been  studied  most  fully.  It  has  been  established 
that  most  of  the  inner  complex  salts  of  8-hydroxyquinoline  (in  particular, in  the  anhydrous  state)  are  soluble  in 
certain  organic  solvents  [1-5].  The  solubility  of  the  inner  complex  salts  of  the  halogen  derivatives  of  8 -hydroxy - 
quinoline  has  also  been  studied.  The  opinion  has  been  expressed  that  "Multihalogen  substituted  and  dihalogen 
substituted  derivatives,  as  a  rule,  are  the  most  readily  extracted  by  all  types  of  solvents"  [6].  Actually,  the  inner 
complex  salts  of  5-  and  7-halogen  substituted  8-hydroxyquinoline  dissolve  more  readily  in  organic  solvents  than 
the  salts  of  8-hydroxyquinoline.  This  is  explained  by  the  fact  that  the  halogens  in  the  5-  and  7-positions  con¬ 
siderably  enhance  the  acidic  properties  of  the  hydroxyl  group  of  8-hydroxyquinoline.  All  the  same  one  cannot 
fully  agree  with  this  statement,  since  a  halogen  atom  in  the  2-,  4-,  and  also  in  the  6-position,  while  decreasing 
the  basic  properties  of  nitrogen  of  the  pyridine  ring  of  8-hydroxyquinoline,  will  presumably  exhibit  a  negative 
influence  on  the  solubility  of  the  inner  complex  salts  in  organic  solvents.  This  is  confirmed  by  a  study  of  the 
extractability  of  the  inner  complex  salts  of  8-mercaptoquinoline  and  its  halogen  deri\ates. 

As  our  experiments  have  shown,  8-mercaptoquinoline  forms  with  many  metals  intensely  colored  inner 
complex  salts  which  are  readily  soluble  in  many  organic  solvents.  The  salts  of  8-mercaptoquinoline  proved  to 
be  considerably  more  stable  in  all  cases  than  the  corresponding  salts  of  8-hydroxyquinoline  [7]. 

The  present  article  contains  results  of  a  study  of  the  effect  of  the  position  of  the  halogen  atom  in  the  re¬ 
agent  molecule  on  the  analytical  properties  of  8-mercaptoquinoline,  and  on  the  properties  of  its  inner  complex 
salt.  A  study  was  made  of  the  interaction  of  3-bromo-8-mercaptoquinoline  (II),  5-bromo-8-mercaptoquinoline 
(III),  and  6-btomo-8-mercaptoquinoline  (IV),  with  metals,  forming  sulfides  which  are  stable  to  the  action  of 
water,  and  a  comparison  was  made  of  the  extractability  of  the  inner  complex  slats  of  the  reagents  mentioned 
with  the  extractability  of  the  salts  of  8-mercaptoquinoline  (I). 


‘For  Communication  6,  see  Bull.  Acad.  Sci.  Latvian  SSR  No. 3,  121  (1958). 
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The  Solubility  of  the  Inner  Complex  Salts  of  8-Mercaptoquinoline  (Thiooxine)  and  its  Derivatives  in  Organic  Solvents 
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*  The  fcilowing  scheme  has  been  adopted  for  designating  the  solubility;  O  —  insoluble;  +  very  sparingly  soluble;  ++  average  solubility; 
+++  readily  soluble;  -  does  not  react. 

•  ^In  alkaline  medium  does  not  interact  with  8-mercaptoquinoline  and  its  derivatives. 


8  -Mercaptoquinollne _  3-Bronio-8-mercaptoquinollne  5  -Bromo-8-mercaptoqulnoilne  6  -Bromo-8  -mercaptoquinoline 
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Of  the  halogen  derivatives  of  8-nnercaptoquinoline  only  5-bromo-8-mercaptoquinoline  [8]  and  4-chloro- 
8-mercaptoquinoline  [10]  have  been  described  in  the  literature.  We  synthesized  3-bromo-8-mercaptoquinoline 
and  6-bromo-8-mercaptoquinoline  by  a  method  similar  to  the  method  for  preparing  8-mercaptoquinoline  [8,9]. 


8-Mercaptoquinoline  and  its  derivatives,  like  all  reagents  containing  the  mercapto  group,  possess  reducing 
properties,  as  a  result  of  which  the  higher  valence  states  of  elements  possessing  oxidizing  properties,  e.  g., 


^  m  ^  II  IV 
Fe  ,  Cu  ,  Pt  , 


,  m  ^vm  ,iv  j  j  , 

Au  ,  Os  ,,Ir  are  reduced  to  the  lower  valence  states  which  interact  with  excess  reagent. 


The  reagent  is  thereby  itself  oxidized  to  the  disulfide. 


During  a  study  of  the  interaction  of  the  halogen  derivatives  of  8-mercaptoquinoline  mentioned  with  the 
elements,  b^o  alcoholic  solutions  or  aqueous -alcoholic  solutions  of  the  reagents  were  used. 

To  some  milliliters  of  an  aqueous  solution  of  the  metal  (about  0.1  mg)  contained  in  a  test  tube,  and  with 
a  definite  pH,  was  added  2-3  ml  of  a  5*70  solution  of  reagent  (excess),  and  the  precipitate  of  the  inner  complex 
salt  which  separated  out  was  extracted  (by  intense  shaking  with  3  ml  of  solvent)  and  its  solubility  tested  in  the 
various  organic  solvents  immiscible  with  water. 


The  results  of  these  experiments  are  given  in  the  table. 

It  is  clear  from  the  results  in  the  table  that  the  solubility  in  the  organic  solvents  of  the  compounds  formed 
between  cations  in  the  hydrogen  sulfide  and  ammonium  sulfide  groups  with  the  bromo  derivatives  of  8 -mercapto - 
quinoline  depends  to  a  considerable  extent  on  the  position  of  the  halogen  atom  in  the  reagent  molecule.  The 
most  soluble  salts  are  those  of  5-bromo-8-mercaptoquinoline,  which  testifies,  apparently,  to  the  fact  that  the 
increase  in  the  acid  properties  of  the  mercapto  group  (thanks  to  the  para  position  of  the  bromine  atom  with  respect 
to  — SH)  increases  the  intermolecular  dissociation  of  the  inner  complex  salt,  and  facilitates  the  coordination  inter¬ 
action  of  the  metal  atom  with  the  nitrogen  of  the  heterocyclic  ring  of  the  quinoline.  A  similar  effect  on  the 
mercapto  group  is  shown  by  the  bromine  atom  in  the  third  position  in  the  molecule  of  8-mercaptoquinoline.  this 
apparently  explains  the  increase  in  the  solubility  of  3-bromo-8-mercaptoqulnolates  as  compared  with  8 -mercapto 
quinolates.  Bromine  in  the  sixth  position,  by  decreasing  the  basic  properties  of  the  nitrogen,  and  making  coordina 
tion  of  the  metal  with  nitrogen  more  difficult,  leads  to  a  decrease  in  the  solubility  of  the  6 -bromo -8 -mercapto - 
quinolates  as  compared  with  the  8-mercaptoquinolates.  This  could  be  confirmed  by  studying  the  solubility  of 
the  inner  complex  salts  of  4-chloro -8-mercaptoquinoline,  whose  synthessis  had  been  worked  out  [10]. 

The  table  also  shows  that  the  inner  complex  salts  of  8-mercaptoquinoline  and  its  halogen  derivatives 
exhibit  the  highest  solubility  in  polar  solvents  (chloroform,  isoamyl  alcohol);  their  solubility  is  considerably  less 
in  non-polar  solvents  (benzene,  carbon  tetrachloride). 


SUMMARY 

The  solubility  in  organic  solvents  of  the  inner  complex  salts  of  the  halogen  derivatives  of  8-mercapto¬ 
quinoline  depends  on  the  position  of  the  halogen  in  the  reagent  molecule.  Compared  with  the  solubility  of  the 
salts  of  8-mercaptoquinoline,  the  salts  of  its  3-  and  5-halogen  derivatives  possess  considerably  better  solubility. 
Location  of  the  halogen  in  the  sixth  position  leads  to  a  considerable  decrease  in  the  solubility  of  the  inner  com¬ 
plex  salts  in  organic  solvents.  The  solubility  of  the  inner  complex  salts  of  8-mercaptoquinoline  and  its  halogen 
derivatives  is  highest  in  strongly  polar  solvents. 
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THE  USE  OF  TETRAETHYLAMMONIUM  HYDROXIDE 
FOR  THE  POTENTIOMETRIC  TITRATION  OF  WEAK  ACIDS 
IN  NON-AQUEOUS  SOLUTIONS 

A.  P.  Kreshkov,  L.  N.  Bykova,  and  N.  A.  Mkhitaryan 
The  D.  I.  Mendeleev  Moscow  Chemico-Technological  Institute 

Methods  of  titrating  in  non -aqueous  solutions  have  acquired  great  importance  in  recent  years  [1].  The 
rapid  development  of  methods  of  non -aqueous  titration  is  explained  by  their  many  advantages.  It  is  sufficient 
to  point  out  that  only  by  means  of  the  method  of  acid-base  titration  in  a  suitable  non-aqueous  medium  is  it 
possible  to  determine  acids  and  bases,  independently  of  their  pH,  primary,  secondary,  and  tertiary  amines, amino 
acids,  phenols,  aminophenols,  nitro  compounds,  enols,  imides,  anhydrides,  and  chloroanhydrides,  the  salts  of  or¬ 
ganic  and  inorganic  acids,  alkaloids,  vitamins,  and  many  other  compounds.  Moreover,  in  non-aqueous  media, 
it  is  possible  to  carry  out  differential  titration  of  various  mixtures  of  strong  and  weak  acids,  and  mixtures  of  bases, 
independently  of  their  organic  and  inorganic  nature  and  character,  and  to  titrate  differentially  the  salts  of  weak 
acids  in  the  presence  of  free  bases,  elementalorganic  compounds  in  general,  and  organosilicon  compounds  in 
particular,  etc.  [2-5] 

Of  particular  interest  is  titration  in  non-aqueous  media  of  weak  and  very  weak  monobasic  and  multibasic 
acids  and  their  mixtures,  which  cannot  be  titrated  in  aqueous  media. 

In  1948  Moss,  Elliot,  and  Hall  [6]  successfully  used  the  method  of  potentiometric  titration  of  weak  acids  in 
ethylenediamine.  They  used  a  solution  of  sodium  aminoethylate  in  the  same  solvent  as  titrant.  Japanese  authors 
[7,  8]  have  titrated  phenols  and  other  weak  acids,  using  the  hydrides  and  amides  of  lithium  and  aluminum.  More 
recently,  Fritz  and  other  scientists  [9-11]  used  lithium,  sodium,  and  potassium  methylates  in  a  benzene -methanol 
medium  for  titrating  weak  acids,  and  also  sodium  triphenylmethane  in  a  benzene-ether  medium. 

Research  has  shown  that  the  use  of  the  alcoholates  of  the  alkali  metals  as  titrants  for  the  determination  of 
acidic  materials  suffers  from  a  number  of  drawbacks.  Solutions  of  the  alcoholates  are  not  stable  enough,  while 
during  titration  of  certain  organic  acids  by  means  of  these  alcoholates,  precipitates  are  formed  which  interfere 
with  potentiometric  titration. 

Deal  and  Wyld  [12]  used  as  titrant  a  solution  of  potassium  hydroxide  in  isopropanol,  but,  even  in  this  case, 
during  titration  of  organic  acids  precipitates  often  form.  Moreover,  in  the  presence  of  K  and  Na  the  glass 
electrode  loses  its  sensitivity.  Accordingly,  they  used  tetrabutylammonium  hydroxide  in  aqueous  isopropanol 
for  titrating  weak  acids.  The  tetrabutylammonium  salts  of  weak  acids  dissolve  more  readily  in  organic  solvents 
than  the  corresponding  potassium  and  sodium  salts.  Deal  and  Wyld  titrated  weak  acids  with  a  glass  electrode. 

The  latter  did  not  lose  its  sensitivity  in  the  presence  of  quaternary  ammonium  base  ions;  accordingly,  good 
titration  curves  were  obtained. 

Harlow,  Noble,  and  Wyld  [13]  continued  the  work  on  titration  of  weak  acids  with  tetrabutylammonium 
hydroxide  in  absolute  isopropanol.  Cundiff  and  Markunas  [14]  prepared  a  solution  of  tetrabutylammonium  hy¬ 
droxide  using  a  mixture  of  benzene  and  methanol.  Firtz  and  Yamamura  [15]  used  a  solution  of  triethyl-n-butyl- 
ammonium  hydroxide  in  a  mixture  of  benzene  and  methanol  as  titrant  for  the  potentiometric  determination  of 
weak  acids  in  an  acetone  medium.  Other  research  workers  have  also  used  tetrabutylammonium  and  triethyl -n- 
butylammonium  hydroxides  for  titrating  mixtures  of  acids.  [16-18].  Ethylenediamine,  pyridine,  dimethylformamide. 
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n-butyalamine,  acetone,  methyl  ethyl  ketone,  methyl  isobutyl  ketone,  acetonitrile,  isopropanol,  etc.  have 
also  been  used  as  solvents  for  this  same  purpose  [2,12-14,16]. 

Harlow  et  al  [13]  have  noted  that  tdrabutylammonium  hydroxide  is  not  the  best  organic  base  for  titrating 
weak  acids  in  non-aqueous  solutions.  The  authors  suggest  that  more  convenient  and  less  expensive  methods  of 
preparing  the  basic  titrants  might  be  developed  in  the  future. 

Over  a  period  of  years  we  have  studied  methods  of  titrating  the  most  diverse  materials  in  non-aqueous 
solutions.  We  have  repeated,  checked,  improved,  and  critically  evaluated  numerous  methods  suggested  in  the 
Russian  and  foreign  literature,  and  have  also  developed  new  methods  for  titrating  in  organic  solvent  media. 

The  present  article  is  devoted  to  the  description  of  a  new  method  which  we  have  developed  for  titrating 
weak  and  very  weak  acids  in  non-aqueous  solutions  by  means  of  tetraethylammonium  hydroxide. 

We  have  tested  the  methylates,  ethylates.and  hydroxides  of  the  alkali  metals,  and  also  organic  and  other 
bases  as  titrants.  Tetraethylammonium  hydroxide,  which  is  readily  available,  has  proved  in  many  respects  to  be 
better  than  any  of  the  basic  titrants  used  hitherto  for  the  titration  of  weak  and  very  weak  acids.  Commercial 
tetraethylammonium  iodide  can  be  used  for  preparing  it;  it  forms  readily  soluble  salts  with  organic  acids. Good 
titration  curves  with  sharp  breaks  are  obtained  on  using  a  glass  electrode  in  various  solvents.  Tetraethylammonium 
hydroxide  can  also  be  used  very  succesfully  for  titrating  by  means  of  an  indicator  method. 


EXPERIMENTAL 

Preparation  of  the  t  itrant.  Tetraethylammonium  iodide  is  recrystallized  from  absolute  alcohol.  Tetra¬ 
ethylammonium  hydroxide  is  prepared  from  the  iodide  by  means  of  the  following  reaction; 

(CzHs)  4N I + AgOH  (C2H5)  4NOH  +  Agl 

For  this  purpose,  30  g  of  tetraethylammonium  iodide  dried  in  air  is  dissolved  in  300  ml  of  absolute  meth¬ 
anol  and  shaken  for  an  hour  and  a  half  with  30  g  of  finely  ground  silver  oxide.  The  mixture  is  filtered  and 
diluted  to  1  liter  with  dry  benzene.  The  tetraethylammonium  hydroxide  solution  is  standardized  by  titrating  it 
with  aliquots  of  chemically  pure  benzoic  acid.  The  methanol-benzene  solution  of  (CjH5)4NOH  is  fairly  stable 
and  does  not  change  on  storing  for  a  long  time.  Thus,  in  the  course  of  two  months  the  normality  of  the  tetraethyl 
ammonium  hydroxide  solution  changed  from  0.1022  to  0.1013. 

Choice  of  solvent.  The  following  solvents  were  tested  as  potential  media  for  titration;  methyl,  ethyl, 
butyl,  isobutyl,  propyl,  and  isopropyl  alcohols;  n-butylamine,  ethylenediamine,  triethylamine,  hydroxylamine; 
formamide,  acetamide,  dimethylformamide;  acetone,  methyl  ethyl  ketone,  methyl  butyl  ketone,  methyl  iso¬ 
butyl  ketone;  acetonitrile,  pyridine,  and  other  solvents,  and  also  mixtures  of  these  solvents.  The  best  solvent 
proved  to  be  methyl  ethyl  ketone,  which  possesses  a  number  of  valuable  properties,  and  is  a  good  solvent  for  a 
large  number  of  materials.  In  this  medium  it  is  possible  to  titrate  weak  acids  and  to  titrate  mixtures  of  acids 
differentially. 

Titration  method.  Weak  acids  were  titrated  potentiometrically  in  the  usual  setup.  The  latter  consisted 
of  a  10  ml  semimicro  buret  graduated  in  0.02  ml,  a  titration  beaker  into  which  the  glass  and  calomel  electrodes 
were  lowered,  a  potentiometer,  a  magnetic  stirrer,  and  a  system  for  dryiqg  nitrogen.  Titration  was  carried  out 
in  a  stream  of  nitrogen  which  was  dried  by  passing  it  through  a  calcium  chloride  tube.  The  top  end  of  the  buret 
was  also  closed  with  a  calcium  chloride  tube.  Potentials  were  measured  with  a  LP-5  potentiometer.  So  that  no 
water  diffused  into  the  system  during  titration,  the  saturated  solution  of  KCl  in  water  was  replaced  by  a  saturated 
solution  of  KCl  in  methanol.  This  makes  it  possible  to  get  a  large  potential  jump. 

30  ml  of  methyl  ethyl  ketone  was  poured  into  the  titration  beaker  followed  by  2-3  drops  of  thymol  blue 
indicator  (a  0.3%  solution  in  methanol);  a  weak  stream  of  nitrogen  was  passed  through  the  system  and  the  titrant 
added  to  the  appearance  of  a  blue  color  of  the  indicator  in  order  to  neutralize  acid  impurities  present  in  the 
original  solvent.  0.02-0.05  g  of  test  material  was  weighed  out  on  an  analytical  balance  and  transferred  into  the 
titration  beaker,  and  the  whole  stirred  with  the  magnetic  stirrer.  The  titrant  was  added  in  0.1  ml  aliquots  until 
the  equivalence  potential  was  obtained,  when  it  was  added  in  0.05  ml  aliquots.  Titration  was  continued  until 
the  potential  had  reached  a  maximum  and  remained  relatively  constant  on  addition  of  more  titrant.  The 
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potentlometric  titration  curve  was  then  plotted  within  the  coordinates  ml  -  millivolts ,  and  the  equivalence 
point  established.  Calculations  were  made  as  usual  by  subtracting  the  volume  of  titrant  used  for  neutralizing  the 
acid  Impurities  in  the  solvent  from  the  total  amount  of  titrant  used  (usually,  this  correction  amounts  to  0.1  ml). 


Fig.  1.  Titration  of  weak  and  very  weak 
acids  in  a  medium  of  methyl  ethyl  ketone: 
1)  Formic;  2)  salicylic;  3)  benzoic;  4) 
phenol. 


Fig.  2.  Titration  of  dibasic  acids  in  a 
medium  of  methyl  ethyl  ketone:  1) 
Malic;  2)  malonic;  3)  succinic;  4) 
phthalic;  5)  oxalic;  6)  maleic. 


Before  each  titration  the  normality  of  the  tetraethylammo- 
nium  hydroxide  solution  was  checked  against  chemically  pure 
benzoic  acid,  either  potentlometrlcally  or  visually, using  thymol 
blue.  When  titrations  were  carried  out  at  temperatures  different 
to  that  at  which  the  solution  was  standardized,  a  correction  of 
1±  (tx  0.001)  was  applied,  where  ^  Is  the  difference  between 
the  temperatures  In  *C  at  which  the  solution  was  standardized 
and  the  determination  carried  out. 

Titration  Results.  Using  tetraethylammonlum  hydroxide 
dissolved  in  various  solvents,  we  titrated  a  large  number  of  organic 
and  Inorganic  acids.  We  titrated  mono-,  dl-,  and  trlbaslc  carbox¬ 
ylic  acids;  formic,  acetic,  propionic  adipic,  anthranlllc,  oxalic, 
succinic,  maleic,  glutarlc,  tartaric,  malic,  camphoric,  fumarlc, 
benzoic,  salicylic,  and  phthalic  acids,  etc., and  also  their  mixtures. 
In  addition,  we  also  titrated  such  weak  acids  as  phenols,  and  also 
their  mixtures  with  carboxylic  acids.  Of  the  inorganic  acids,we 
used  for  this  purpose  hydrochloric,  nitric,  perchloric,  and  sulfuric 
acids,  and  mixtures  of  these  acids  with  organic  acids. 

In  Fig.  1  are  shown  titration  curves  of  weak  organic  acids: 
formic  (K  =  1.8  •  10“^),  salicylic  (K  =  1.06  •  10*®),benzolc(K=6.3  • 

•  10"*),  and  phenol  (K  =1.3*  10"^®).  As  Is  evident,  tetraethyl- 
ammonium  hydroxide  is  a  sufficiently  strong  base  for  titrating 
even  such  a  weak  acid  as  phenol  In  a  medium  of  methyl  ethyl 
ketone. 

Titration  curves  for  dibasic  acids  are  shown  In  Fig.  2. 

During  titration  of  malic  (Kj  =4  •  10~^  Kj  =  6  *  10"®)  malonic 
(Ki=  1.71  •  10"*;  Kj  =  2.0-  10"*),  succinic  (Kj  =6.9  •  10"*; 

K,  =  2.5  ‘lO"®),  maleic  (Ki  =  1.17  •  10-^  Kj  =  2.6  •  10"'^), 
phthalic  (Kj  =  1.3  •  10"*;  Kg  =3.9  •  10"®)  and  oxalic  (Kj  =5.9  * 

•  10"*j  K2  =6.4  •  10~* acids,  two  potential  jumps  are  observed  on 
each  titration  curve.  Of  particular  Interest  Is  the  titration  curve 
for  succinic  acid  on  which  Is  observed  two  clearly  defined  jumps. 
In  this  case  the  dissociation  constants  of  this  acid  In  water  are 
very  close  to  each  other  (Kj  =  6.9  •  10"*  and  Kj  =  2.5  *  10"®). 

During  titration  of  the  tribasic  acid  citric  acid  (K^  =  8.4* 
•10"4,  Kj  =  1.8  •  10"®  and  K3  =  4  •  10*®  )  a  curve  with  three 
potential  jumps  was  obtained  (Fig.  3). 


Results  of  titrating  mixtures  of  acids  are  shown  in  Fig.  4,  During  titration  of  a  mixture  of  malic  and  benzoic 
acicjs,  three  breaks  were  obtained  on  the  curve.  The  dissociation  constants  of  malic  acid  In  water  are  Kj  =  4  • 

•  10"^  and  K2  =  6  •  10"*,  while  the  dissociation  constant  of  benzoic  acid  is  Kj  =  6.3  •  10"*.  On  this  curve,  the 
first  and  third  breaks  correspond  to  the  two  acid  equivalents  of  malic  acid,  while  the  second  break  corresponds 
to  the  equivalent  of  benzoic  acid.  In  Fig.  2  the  first  and  third  potential  jumps  correspond  to  the  first  and  second 
stages  of  neutralization  of  malonic  acid  (dissociation  constants  Kj  =  1.7  •  10"*  and  K2  =  2,7  •  10"®),  while  the 
second  jump  corresponds  to  the  neutralization  of  benzoic  add  (K  =  6.3  •  10"®).  In  Fig.  3  are  seen  four  potential 
jumps  (mixture  of  oxalic  and  malic  acids).  The  first  and  third  breaks  corresponds  to  oxalic  acid,  while  the  second 
and  fourth  breaks  correspond  to  malic  acid.  Results  for  the  titration  of  a  mixture  of  phenol  with  benzoic  acid 
and  oxalic  acid  are  given  in  Curves  4  and  5. 
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DISCUSSION 


Fig^  3.  Titration  of  citric  acid 
in  a  methyl  ethyl  ketone  medium. 


OF  ANALYTICAL  RESULTS 

It  is  impossible  to  titrate  weak  acids  such  as  phenol 
(K  =  10  "1®)  directly,  since  it  is  impossible  to  determine 
the  end  point.  Research  has  shown  that  tetraethylam- 
monium  hydroxide  in  a  mixture  of  benzene  and  methanol 
is  a  sufficiently  strong  base,  and  permits  direct  determina¬ 
tion  of  very  weak  acids  even  in  non-aqueous  media.Thus, 
during  the  potentiometric  titration  of  phenol  in  methyl 
ethyl  ketone,  a  curve  with  a  clearly  defined  break  is 
obtained. 

Titration  in  water  of  polybasic  acids  or  mixtures  of 
acids  leads  to  determination  of  total  acidity.  It  is  only 
in  cases  where  the  dissociation  constants  of  the  two  acids 
differ  by  10^  times,  that  it  is  possible  to  determine  them 
differentially  in  their  mixtures  by  a  potentiometric 
method.  During  titration  with  tetraethylammonium 
hydroxide  in  organic  solvents,  it  is  possible  to  determine 
each  stage  of  electrolytic  dissociation  of  such  acids  as 
oxalic,  malic,  and  malonic  acids  whose  dissociation 
constants  for  the  first  and  second  stages  differ  by  10*  - 
10*  times.  Of  particular  interest  is  the  titration  curve 
for  succinic  acid  which  exhibits  two  breaks,  the  dissocia¬ 
tion  constants  of  this  acid  being  K;i  =  6.9  *  10”^  and  Kj  = 
=  2.5  •  10“®,  i.e. ,  they  differ  by  only  ten  times  each 
other.  A  clearly  defined  curve  with  three  jumps  is  ob¬ 
tained  during  titration  of  the  tribasic  citric  acid,  the 
dissociation  constants  of  which  in  water  are  =  8.4  • 


Fig.  4.  Titration  of  mixtures  of  organic  bases 
in  a  methyl  ethyl  ketone  medium.  1)  Malic 
+  benzoles  2)  malonic  +  benzoic;  3)  oxalic 
+  malic;  4)  benzoic  +  phenol;  5)  oxalic  + 
phenol. 


•  10"“*.  Kj  =  1.8  •  10'*,  and  Kj  =  4  •  lO"®. 

It  is  possible  to  titrate  phenol  in  the  presence  of 
carboxylic  acids  by  means  of  tetraethylammonium  hy  - 
droxide.  The  experimental  accuracy  is  about  1%.  Thus, 
tetraethylammonium  hydroxide  is  a  good  basic  titrant  for 
the  determination  of  weak  acids.  The  application  of 


such  solvents  as  methyl  ethyl  ketone  makes  it  possible  to  carry  out  differential  titration  of  mixtures  of  acids. 


Titration  with  tetraethylammonium  hydroxide  in  non-aqueous  solutions  of  strong,  weak,  and  very  weak 
acids,  and  of  their  mixtures  should  find  wide  application  in  analytical  chemistry. 


SUMMARY 

A  study  has  been  made  of  the  titration  of  strong,  weak,  and  very  weak  acids,  and  of  their  mixtures,  in  non- 
aqueous  media  by  means  of  a  solution  of  tetraethylammonium  hydroxide  in  benzene-methanol.  Tetraethylam¬ 
monium  hydroxide  is  a  strong  alkaline  titrant  which  permits  the  determination  not  only  of  strong  and  weak(ca^ 
boxylic)  acids,  but  also  of  very  weak  acids  (phenol).  Mixtures  of  strong,  weak,  and  very  weak  acids  can  be 
titrated  in  non-aqueous  media  by  means  of  tetraethylammonium  hydroxide.  Titration  with  tetraethylammonium 
hydroxide  in  methyl  ethyl  ketone  can  be  carried  out  either  visually  or  potentiometrically;  the  curves  obtained 
thereby  are  characterized  by  sharp  potential  jumps. 
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A  LOW  TEMPERATURE  CARBON  ARC  AS  A  SPECTRUM 
EXCITATION  SOURCE  FOR  RUBIDIUM  ,  CESIUM,  THALLIUM, 

AND  INDIUM  DURING  SPECTROGRAPHIC  ANALYSIS  OF  SILICATES 

A.  K.  Rusanov,  V.  G.  Khitrov,  and  N.  T.  Batova 
The  All-Union  Institute  of  Mineral  Raw  Materials,  Moscow 

In  addition  to  the  acetylene-air  flame  which  is  widely  used  for  the  quantitative  spectrographic  determina¬ 
tion  of  small  amounts  of  Rb,  Cs,  In,  and  Tl  in  solutions,  of  interest  is  their  more  rapid  direct  determination  in  . 
powdered  materials.  The  most  suitable  excitation  source  in  this  case  is  a  d.c.  arc;  such  an  arc  ensures  rapid 
passage  of  the  test  materials  into  the  gas  cloud,  while  giving  the  possibility  of  creating  "moderate*  temperature 
conditions  of  excitation.  This  favors  determination  of  elements  with  low  ionization  potentials,  the  sensitive 
lines  of  which  belong  to  the  spectra  of  non -ionized  atoms. 

Below  is  considered  certain  features  of  a  d.c.  carbon  arc  operating  under  conditions  which  ensure  determina¬ 
tion  of  Rb,  Cs,  Tl,  and  In  present  as  impurities  in  silicate  rocks;  conditions  are  outlined  for  their  quantitative 
spectrographic  determination. 

Characteristics  of  the  Determination  of  Rb,  Cs,  Tl,  and  In  in  a  Carbon  Arc  During 
the  Analysis  of  Silicates,  and  the  Choice  of  Spectrum  Excitation  Conditions 

Rubidium,  cesium,  thallium,  and,  to  a  lesser  extent,  indium  [1]  pass  from  the  electrode  canal  into  the 
arc  flame  at  the  beginning  of  arc  burning,  together  with  potassium  and  sodium  which  are  usually  present  in 
natural  silicates.  The  low  temperature  of  a  silicate  melt  containing  alkali  metals  favors  separate  evaporation 
of  elements  differing  from  each  other  in  volatility;  this  means  that  when  the  spectrum  of  the  arc  flame  is  photo¬ 
graphed  during  evaporation  of  potassium  and  sodium,  it  is  possible  to  reduce  the  superposition  of  the  lines  of  less 
volatile  elements,  which  pass  into  the  arc  plasma  later,onthe  lines  of  rubidium,  cesium,  thallium,  and  Indium. 

The  order  in  which  the  lines  of  the  elements  appear  in  the  flame  of  a  low  temperature  arc  during  the 
evaporation  of  silicates  with  a  high  potassium  content  from  an  anode  in  the  shape  of  a  wine  glass,  is  characterized 
by  the  following  volatility  series; 

((Tl,  Cd,  Bi,  Pb,  Cs,  Rb,  Na),  In,  Sn,  Ge,  Ag,  Cu,  Mo,  Lip 
Ga,  Ni,  Fe,  Mn,  Cr,  Co,  V,  Si,  Al,  Mg.  Ca.  Nb,  Sr,  Be. 

W,  Ib.  It,  Ti,  Ba,  La.  Zr,  Th. 

This  series  is  similar  to  the  volatility  series  found  earlier  for  elements  during  evaporation  of  oxide  ores . 

The  order  in  which  rubidium  and  cesium  pass  into  the  arc  plasma  is  wholly  determined  by  the  time  taken 
for  the  other  alkali  elements  (in  this  case— dominating  amounts  of  potassium)  to  pass  into  the  plasma.Thallium 
evaporates  more  rapidly  than  the  alkali  metals  (in  the  first  15-20  seconds  of  arc  burning);  indium  passes  into  the 

*  The  elements  in  the  square  brackets  are  those  elements  which  pass  into  the  arc  cloud  during  evaporation  of 
potassium  present  in  excess  amounts. 


flame  from  the  beginning  of  arc  burning  right  up  to  complete  evaporation  of  potassium,  and  approximates  to 
lithium  with  respect  to  its  volatility.  The  effect  of  fractional,  separate,  passage  of  elements  into  the  arc  flame 
becomes  more  and  more  pronounced  as  one  goes  along  from  the  beginning  of  the  volatility  series  to  its  middle; 
elements  which  are  located  far  enough  from  sodium  and  potassium,  in  practice,  pass  into  the  arc  flame  only 
after  complete  evaporation  of  the  alkali  metals  from  the  drop  of  molten  silicate. 

When  sufficiently  large  amounts  of  potassium  and  sodium  which  possess  the 
lowest  ionization  potentials  (K  =  4.34  electron  volt;  Na  =  5.12  electron  volt)  are 
present,  the  temperature  of  the  arc  flame  initially  drops  (approximately  to  4000"), 
and  then,  as  the  melt  becomes  free  from  potassium  and  sodium,  it  rises  fairly 
rapidly  to  5000-6000®  [2]. 

The  drop  in  temperature  of  the  arc  when  potassium  and  sodium  are  passing 
into  the  flame  creates  conditions  for  determination  of  small  amounts  of  rubidium, 
cesium,  and  indium  on  the  basis  of  their  violet  lines,  and  thallium  on  the  basis 
of  its  ultraviolet  lines,  located  in  the  region  of  the  cyanide  band,  which  is  sharply 
weakened  on  lowering  the  arc  temperature  [3,4]. 

The  lines  Rb  I  4201.85  and  Rb  I  4215.56,  Cs  I  4555.36  and  Cs  I  4593.18,  T1 
I  3775,72  and  In  4101.77  and  In  4511.32  are  located  comparatively  near  to  each 
other  when  spectrographs  with  a  dispersion  of  6-8  a/  mm  are  used.  This  makes  it 
possible  to  carry  out  a  simultaneous  determination  of  the  elements  listed  by  photo¬ 
graphing  the  spectrum  of  one  aliquot  of  material .  Rubidium  and  cesium  can  also 
be  determined  on  the  basis  of  their  more  intense  and  sensitive  infrared  lines:  Rb  I 
7800.23  and  Rb  I  7949.60,  Cs  I  8521.10  and  Cs  I  8943.50  [5],  which  appear  in 
the  spectra  of  silicates  for  rubidium  and  cesium  contents  of  the  order  of  n*  10“'*%. 

The  main  difficulty  in  the  quantitative  determination  of  rubidium,  cesium, 
thallium,  and  indium  in  silicates  is  the  variation  in  the  composition  of  the  test 
samples,  in  particular  the  variation  inflieir  potassium  and  sodium  contents.  The 
variation  in  the  amounts  of  sodium  and  potassium  in  the  silicate  melt  not  only 
influences  the  temperature  conditions  for  exciting  the  elements  in  the  arc  flame, 
but  also  the  conditions  of  the  passage  of  the  other  elements  into  the  arc  cloud. 
Moreover,  the  kinetics  of  the  evaporation  of  the  elements  is  reflected  in  the  dis¬ 
tribution  of  the  concentrations  of  the  elements  in  the  flame,  and  in  the  line  in¬ 
tensity  of  the  test  elements.  From  this  there  arise  systematic  errors  in  evaluating 
the  concentration  of  the  test  elements  in  the  silicates  [6,7],  Accordingly,  rubidium,  cesium,  thallium,  and  indium 
can  only  be  determined  successfully  in  silicates  and  other  materials  of  variable  composition  by  carrying  out  the 
determination  under  standard  conditions  for  the  passage  of  the  test  elements  together  with  potassium  and  sodium 
into  the  arc  flame.  As  our  observations  have  shown,  the  best  conditions  are  attained  on  evaporating  mixtures  of 
the  test  silicate  with  excess  potassium  sulfate  from  an  electrode  crater  which  ensures  a  high  rate  of  passage  of 
the  alkali  metals  and  also  of  the  alkali  metals  and  also  of  thallium  and  indium  into  the  arc  cloud.  The  high 
rate  of  evaporation  of  the  elements  increases  their  concentration  in  the  zone  of  the  arc  flame  lying  close  to  the 
electrode  from  which  the  test  sample  is  being  evaporated,  and  increases  the  line  intensity,  and,  accordingly, 
the  sensitivity  of  the  determination  of  the  elements. 

The  form  chosen  for  the  anode  (Fig.  1)  ensures  the  necessary  heating  of  the  cup  containing  the  test  material 
using  a  low  current,  and  favors  a  more  rapid  and  uniform  evaporation  of  the  volatile  compounds  of  the  elements 
and  potassium  from  the  silicate  melt  formed  in  it;  under  such  conditions,  a  significant  improvement  in  the  re¬ 
producibility  of  the  determinations  is  observed.  The  electrode  cup  is  bored  out  by  means  of  a  special  cutting 
tool  and  has  an  internal  diameter  of  3.6  mm,  a  depth  of  3  mm,  and  walls  with  a  thickness  of  0.7  mm.  A  collar 
2.2-2.5  mm  in  diameter  and  4  mm  long  is  turned  with  a  chisel  underneath  the  cup.  The  cylindrical  end  of  the 
upper  carbon  electrode  (cathode),  with  a  diameter  of  3  mm  is  set  up  at  a  distance  of  5  mm  from  the  cup  anode. 

It  should  be  remembered  that  the  temperature  conditions  of  excitation  in  the  arc  cloud  can  only  be  kept 
constant  in  the  presence  of  a  large  amount  of  potassium  in  the  powdered  test  silicate.  Only  under  such  condi¬ 
tions  is  there  created  a  sufficiently  high  concentration  of  potassium  in  the  arc  flame.  From  an  examination  of 
Fig.  2e.g.»it  is  evident  that  with  increasing  potassium  sulfate  content  in  the  silicate  powder  up  to  40-50%,the 
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Fig.  1.  Electrodes  for 
determination  of  rubid¬ 
ium,  cesium,  thallium, 
and  indium  in  silicates. 
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Fig.  2.  Relation  between  the  tempera¬ 
tures  of  a  d.c.  carbon  arc  and  the  poten¬ 
tial  difference  across  the  electrode  faces 
as  a  function  of  the  KJSO4  content  of  the 
quartz  being  evaporated. 


T  ,*  K  V  difference  in  potential  across  the  electrode  faces  drops 

continuously ;  consequently  [1,6,8]  the  temperature  of  the 
arc  flame  also  drops;  when  more  than  5 potassium  sulf¬ 
ate  is  present  the  temperature  becomes  almost  constant. 

The  drop  in  temperature  of  the  arc  flame  caused 
by  addition  of  K2SO4  to  the  silicate  powder  is  accom¬ 
panied  in  the  course  of  the  first  two  minutes  of  arc  burning 
by  a  sharp  attenuation  of  the  Intensity  of  the  cyanide  bands, 
which  interfere  with  the  determination  of  rubidium,  cesi¬ 
um,  thallium,  and  indium;  this  attenuation  of  the  cyanide 
band  naturally  favors  an  increase  in  the  intensity  of  the 
lines  of  the  test  elements  (in  particular  the  lines  of  ce¬ 
sium  and  rubidium).  This  is  clear  from  Fig.  3,  which 
illustrates  the  relation  between  the  intensity  of  one  of  the 
cyanide  bands  in  the  region  4200  A,  and  also  of  the  ce¬ 
sium  line,  and  the  concentration  of  potassium  sulfate  in 
the  silicate  being  evaporated  in  the  arc;  for  the  thallium 
lines  there  is  observed  a  maximum  intensity  for  a  content 
of  25-30%  of  K2SO4  in  the  silicate.  It  should,  however, 
be  pointed  out  that  in  order  to  extinguish  the  cyanide 
bands  satisfactorily,  a  higher  K2SO4  concentration  is  ne¬ 
cessary.  The  weakening  of  the  intensity  of  the  spectral 
lines  of  iron,  one  of  which  Fe  I  4202.03  A  is  partially 
superimposed  on  the  line  Rb  I  4201.85,  is  caused  to  a 
significant  extent  by  the  decrease  in  the  evaporation  of 
iron  from  the  melt  on  increasing  the  potassium  sulfate 
content  of  the  melt.  This  can  also  explain  the  weaken¬ 
ing  observed  in  the  spectra  of  Ti,  Ni,  and  other  less  vol¬ 
atile  elements.  The  part  played  by  potassium  sulfate  is 
particularly  clearly  manifested  for  that  part  of  the  arc 
flame  lying  close  to  the  cup  of  the  lower  electrode,  from 
which  potassium  vapors  evaporate  intensively  into  the 
discharge;  this  region  occupies  a  large  part  of  the  dis¬ 
charge  flame.  On  going  from  the  lower  electrode  (anode) 
to  the  upper  (cathode)  electrode  there  is  initially  ob¬ 
served  a  slow,  and  then  a  sharp  increase  in  the  intensity 
of  the  cyanide  bands  in  the  region  of  the  arc  directly 
adjacent  to  the  cathode.  As  shown  in  Fig.  4,  the  arc 
lines  of  potassium,  rubidium,  cesium,  indium,  and  thal¬ 
lium  give  the  opposite  picture;  their  intensity  teaches 
a  maximum  value  near  the  lower  electrode  and  in  the 
central  part  of  the  flame.  The  intensity  of  thallium  lines 
(Tl  I  2767.87  and  Tl  I  3519.24)  undergoes  a  second  in¬ 
crease  in  the  region  lying  near  the  cathode.  The  more 
difficult  to  excite  lines  of  such  elements  as  iron,  nickel, 

titanium,  etc.,  which  can  be  superimposed  on  some  of  the  analytical  lines  of  the  test  elements  are  sharply  weak¬ 
ened  in  the  near -anode  and  central  region  of  the  flame,  and  are  strengthened  near  the  cathode. 


Fig.  3.  The  effect  of  the  percentage 
content  of  K2SO4  in  the  silicate  being 
evaporated  on  the  relative  intensity 
of  test  lines  and  background  when  the 
central  part  of  the  arc  flame  is  photo¬ 
graphed  — Cs  4555.3  A;  Tl  3775.72  A 
Fe  I  4307.9  A;  CN  in  the  region 
4200  A. 


As  is  evident  from  Fig.  5,  the  regions  for  the  maximum  isointensity  of  the  rubidium  lines  and  the  cyanide 
bands  are  spatially  separated  in  the  arc  flame;  this  makes  it  possible  to  choose  the  part  of  the  flame  with  a  low 
intensity  for  the  cyanide  bands  and  a  sufficiently  high  intensity  of  the  spectral  lines  of  rubidium,  and  also  of 
cesium,  thallium,  and  indium.  In  order  to  find  the  isointensity  regions  in  the  arc  flame,  a  technique  of  taking 
a  section  of  the  flame  through  the  spectrograph  slit  was  used  [9], 
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K  Rb  Cs  In  TL  Fe  Vj  CM 


Fig.  4,  Schematic  distribution  of  the  line  intensities  of  various 
elements  in  the  flame  of  a  low  temperature  arc  along  the  elec¬ 
trode  axis;  K  I  4044.14  A;  Rb  I  4201.85  A;  Cs  I  4555.36  A;  In 
I  4101.77  A;  Tl  I  3519.24  A;  Fe  I  4307.9  A;  V  I  3185.4  A; 

V  n  3110,7  A;  CN  in  the  region  4200  A.  The  increase  in  line 
width  here  indicates  an  increase  in  intensity. 


Fig.  5.  Distribution  of  the  in¬ 
tensity  of  the  line  Rb  I  4201,85 
and  the  CN  band  in  the  region 
4200  A  in  the  flame  of  a  low 
temperature  arc.  The  increase 
in  the  density  of  the  shading 
signifies  a  doubling  of  intensity. 


Fig.  6.  Distribution  of  the 
relative  intensity  of  the  pair 
of  lines  V  H  3110.7  and  V 
I  3185.4  A  in  the  flame  of 
a  low  temperature  arc. 


Fig.  6  illustrates  the  distribution  of  the  relative  intensity  of  the  spark  and  arc  pairs  of  lines  of  vanadium  n 
3110.7  and  V  I  3185.4  in  the  arc  cloud,  as  they  react  to  the  changes  in  the  excitation  conditions  in  the  arc  [10], 
As  is  evident  from  this  diagram,  which  illustrates  the  excitation  conditions  in  the  arc  flame  [10],  on  going  from 
the  lower  electrode  to  the  upper  electrode  there  is  observed  an  increase  in  the  spark  lines  relative  to  the  arc 
lines,  which  usually  appear  on  increasing  the  temperature  of  the  arc  flame. 

During  the  quantitative  analysis  of  silicates  for  their  content  of  Rb,  Cs,  Tl,  and  In, it  is  very  essential  that 
on  introducing  a  large  amount  of  potassium  sulfate  into  the  silicate,  the  temperature  conditions  of  spectrum  ex¬ 
citation  which  are  established  after  starting  the  arc,  are  maintained  throughout  the  whole  period  of  effective 
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Fig.  7  Relation  between  the  tem¬ 
perature  and  the  intensity  of  the 
cyanide  bands  in  the  central  part 
of  the  arc  flame,  and  the  duration 
of  burning  of  the  arc. 


Fig.  8.  Calibration  curve  for 
the  determination  of  cesium 
in  silicates  on  the  basis  of 
the  Cs  line  I  4555.36  A. 


O-  SIO2;  X  —  SIO,  (50%)  + 

+  Al(OH),  (50%);  (D_-  SiO, 
(50%)  +  CaO  (50%);  0  —  SIO, 
(50%)+MbO  (50%);  a  -SIO, 

(50%)  +  Fe,0,  (50%) 


passage  of  the  group  of  elements  to  be  determined  into  the 
discharge.  Thus, the  curve  relating  the  temperature  of  the 
central  part  of  the  arc  flame  to  the  time  of  arc  burning  (Fig. 

7)  shows  that,  in  the  course  of  more  than  two  minutes,  there 
are  no  essential  changes  in  the  flame  temperature  during  evap¬ 
oration  of  mixtures  of  silicate  powder  with  50*114)  K2SO4  on  an 
electrode  with  the  shape  chosen.  The  beginning  of  the  in¬ 
crease  in  flame  temperature,  and,  consequently,  the  appear¬ 
ance  in  the  spectrum  of  the  cyanide  bands,  can,  when  neces¬ 
sary,  be  readily  established  from  the  sharp  increase  in  potential 
across  the  electrodes  [1]. 

It  is  Important  to  note  that  the  intensity  of  the  contin¬ 
uous  background  irradiated  by  the  central  part  of  the  arc  flame 
is,  just  like  the  intensities  of  the  lines  of  Rb,  Cs,  Tl,  and  In, 
directly  related  to  the  concentration  of  potassium,  and  in¬ 
creases  with  increasing  content  of  the  latter  in  the  melt.  It 
is  important  also  that  the  addition  of  sodium  salts  (Na2S04, 
NajCOs,  and  NaCl)  to  the  samples,  acts  on  the  intensity  of 
the  cyanide  bands  in  the  same  way  as  potassium  sulfate.  How¬ 
ever,  the  effect  of  sodium  salts,  which  have  a  higher  ioniza¬ 
tion  potential,  is  manifested  less  clearly.  The  values  of  the 
relative  intensitites  of  die  rubidium  and  cesium  lines  and  of 
the  background,  which  characterize  the  sensitivity  of  the  spec- 
trographic  analysis,  are  1.5-2  times  less  when  sodium  salts 
are  added,  than  when  potassium  salts  are  added;  suppression 
of  the  intensity  of  the  cyanide  bands  is  also  less  satisfactory 
when  sodium  salts  are  used  instead  of  potassium  salts. 

The  relation  between  the  density  of  the  background  of 
the  arc  irradiated  by  the  flame,  and  the  potassium  concentra¬ 
tion  of  the  silicate,  makes  it  possible,  when  the  test  powder 
is  diluted  to  the  optimum  amount  with  potassium  sulfate,  to 
use  the  background  as  an  internal  standard,  and  to  determine 
rubidium  and  cesium  in  silicates  with  varying  composition  on 
the  basis  of  the  relative  values  of  the  intensities  of  their  lines 
and  of  the  background.  The  small  dependance  of  the  experi¬ 
mental  results  on  changes  in  composition  of  the  test  silicate 
is  illustrated  by  the  calibration  curves  shown  in  Fig.  8.  Under 
ordinary  circumstances,  for  the  determination  in  silicates  of 
amounts  of  Rb  and  Cs  which  are  not  too  small,  the  calibration 
curves  are  constructed  within  the  coordinates:  difference  in 
blackening  of  lines  and  background  —  logarithm  of  the  con¬ 
centration  of  the  element. 

Apparatus  and  Conditions  for  the  Quantitative 
Spectrography  in  Rb,  Cs,  Tl  and  In  in  Sil  icate 
Ores  and  Minerals. 


Spectrographic  Apparatus.  KS-55  autocollimating  spectrograph  with  glass  optics.  The  dispersion  of  the 
spectrograph  in  the  4000  A  region  was  5.9  a/ mm.  The  part  of  the  spectrum  at  3500-4700  A  was  photographed. 
The  slit  width  of  the  spectrograph  was  0.020  mm. 

Condenser  Setup.  A  standard  three-lens  illuminating  system  with  an  intermediate  image  of  the  source  in 
the  plane  of  the  diaphragm.  Diaphragm  height  5  mm,  width  10  mm. 
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Photographic  materials.  Isoorthochromatic  photographic  plates  with  a  sensitivity  of  65  GOST  units,  con¬ 
trast,  size  9  •  24  cm;  developer  —  standard  metol-hydroquinone. 

Spectrum  excitation  source.  A  vertical  d.c.  carbon  arc  supplied  with  a  current  of  5±  0.4  amp,  from  a 
mercury  rectifier  with  an  output  potential  of  160  volt;  arc  gap  4-5  mm.  When  the  spectrum  was  being  photo¬ 
graphed  (2  minutes),  the  arc  was  stabilized  with  K2SO4. 

Arc  electrodes.  Carbon,  spectrographically  pure,  upper  electrode-xathode;  lower  electrode— anode  (Fig.l). 

Measuring  apparatus.  Non-recording  MF-2  microphotometer  and  PS-18  spectroprojector. 

Buffer  material.  Powdered  potassium  sulfate  (chemically  pure  or  analytical  grade)  free  from  traces  of 
the  elements  to  be  determined  was  added  to  test  materials  and  standards  to  form  50*7o  of  the  total  amount. 

Standard  samples.  Powdered  quartz  or  some  other  appropriate  material  to  which  was  added,  with  succes¬ 
sive  dilution  and  grinding,  0.03-0.0003*70  thallium  and  indium,  and  0.1-0.001*70  of  rubidium  and  cesium. 

Analytical  samples.  40  mg  of  a  mixture  consisting  of  20  mg  sample  and  20  mg  of  the  buffer  material 
(K2SO4),  ground  to  pass  200  mesh;  the  aliquots  were  placed  in  the  cup  of  the  lower  electrode.  The  number  of 
parallel  samples  taken  was  three. 

Exposure  time  for  the  spectra  of  samples  and  standards  under  the  conditions  indicated  was  2  minutes. 

Below  are  given  the  characteristics  of  the  recommended  analytical  lines  of  the  elements  to  be  determined, 
and  the  conditions  under  which  they  are  used;  for  convenience,  the  interfering  lines  of  foreign  elements  and  the 
control  lines  of  the  latter  are  also  included.  In  practice,  it  is  only  superposition  of  the  iron  line  on  the  rubidium 
line  at  4201.85  that  one  has  to  deal  with. 

Rubidium.  The  main  analytical  line  of  Rb  I  4201.85  (2.9  electron  volt)  can  be  located  visually  in  the 
spectra  of  silicates  containing  about  0.0007  *7oRb.  Quantitative  determination  is  carried  out  in  the  range  0.002- 
0.2*7oRb.  For  amounts  of  iron  up  to  5-10*7oin  the  samples,  this  line  is  free  from  interference;  above  10*7othe  Fe 
line  at  I  4202.03  (4.44  electron  volt)  appears.  The  control  line  used  was  Fe  I  4143.87,  (4.45  electron  volt)  which 
was  recommended  by  Ahrens  [4].  At  low  rubidium  contents,  interference  from  iron  can  be  removed  by  preliminary 
dilution  of  the  sample  with  quartz;  at  higher  concentrations,  determination  is  carried  out  on  the  basis  of  another 
line  of  rubidium  Rb  I  4215.56  (2.9  electron  volt),  which  is  less  intense  but  is  free  from  interference  by  iron  as 
long  as  the  content  of  the  latter  does  not  exceed  30*70.  During  the  analysis  of  certain  micas  using  this  line,  it  is 
also  necessary  to  take  into  account  the  possibility  of  the  superposition  of  the  strontium  line  Sr  n  4215.56  on  it; 
the  latter  appears  at  high  strontium  concentrations  in  the  sample.  Rubidium  can  be  determined  at  high  iron  and 
strontium  contents  under  the  same  conditions,  on  the  basis  of  the  line  Rb  (4201.85  by  means  of  an  ISP-51  three- 
prism  glass  spectrograph  with  an  autocollimating  UF-85  camera  (dispersion  2.5  A/ mm),  which  makes  it  possible 
to  separate  the  interfering  line  of  iron  from  the  rubidium  line. 

Cesium.  Determination  is  carried  out  on  the  basis  of  the  line  Cs  I  4555.36  (2.7  electron  volt),  which  ap¬ 
pears  in  the  sprectrum  when  about  0.001-0.003*7o  of  Cs  is  present.  This  element  is  determined  quantitatively  in 
the  range  0.005-0.2*7oCs.  The  arc  line  of  titanium  at  Ti  I  4555.49  (3.56  electron  volt)  may  superimpose  the 
cesium  line  for  a  titanium  content  of  more  than  5-10*70  in  the  sample;  titanium  is  controlled  by  the  appearance 
of  the  line  Ti  4548.77  (3.55  electron  volt).  The  less  sensitive  cesium  line  Cs  I  4593.13  (2.7  electron  volts)  which 
appearas  in  the  spectrum  around  0.01*7oCs  can  be  used  for  the  determination  of  0.05-0.5*7®  Cs.  It  is  not  superim¬ 
posed  by  interfering  lines. 

Thallium.  The  line  Tl  I  3775.72  (3.3  electron  volt)  with  a  sensitivity  of  0.0001-0.0003*70  Tl  is  used  for 
the  quantitative  determination  of  0.0003-0.02*7®  of  Tl  in  silicates,  and  also  in  non-silicate  and  monomineral 
samples  when  standards  of  the  appropriate  composition  are  used.  In  rare  cases  superposition  of  the  thallium  line 
by  the  nickel  line  Ni  I  3775.57  (3.76  electron  volt)  is  possible,  when  the  sample  contains  more  than  1-3*7®  of 
nickel.  The  control  line  for  nickel  is  Ni  I  3807.1  (3.67  electron  volt).  The  other  thallium  line  Tl  3519.24  is 
less  sensitive  and  has  no  advantages  over  the  first  line,  since  it  also  coincides  with  a  nickel  line. 

Indium.  There  are  two  analytical  lines  for  indium  of  almost  equal  value  from  an  analytical  point  of 
view;  these  are  In  I  4511.32  (3.0  electron  volt)  and  appear  in  the  spectra  of  silicates  at  concentrations  of  0.0001- 
0.0003*7®  of  In;  they  are  used  for  the  direct  determination  of  indium  in  silicates  and  other  materials,  as  long 


586 


as  its  content  does  not  exceed  0.02%.  The  Indium  line  In  4101.77  is  only  unsuitable  in  the  case  of  analysis  of 
molybdenum -containing  minerals,  while  the  line  In  4511.32  may  be  crossed  by  the  lines  of  tin  and  titanium 
during  the  analysis  of  minerals  of  these  elements. 


Test 

element 

Composition  of  the  sample(standard) 

Taken,  % 

Found, % 

Relative 
error ,% 

Tl 

Quartz 

0,00050 

0,00054 

+8 

The  same 

0,00074 

0,00075 

+1 

tt  •• 

0,00074 

0,00071 

-4 

Quartz  with  50%Fe2O8 

0,0011 

0,0011 

0 

„  ,  ZnS 

0,0011 

0,0011 

0 

,  -  PbS 

0,0011 

0,0007 

—36 

Silicate  ore  with  FeS2 

0,0015* 

0,0013 

—13 

The  same 

0,007* 

0,006 

—14 

Quartz 

0,0022 

0,0022 

0 

The  same 

0,0067 

0,0069 

+3 

It 

0,020 

0,019 

—5 

In 

Feldspar 

0,00012 

0,00014 

+16 

The  same 

0,00037 

0.00045 

+21 

H 

0,010 

0,011 

+  10 

It 

0,029 

0,027 

—7 

Silicate  ore 

0,0033* 

0,0032 

—3 

Rb 

Quartz 

0,0054 

0,0058 

+7 

The  same 

0,011 

0,011 

0 

Quartz  with  50%  A1(QH)3 

0,016 

0,018 

+12 

The  same 

0,11 

0,10 

—9 

Quartz  with  50%  MgQ 

0,016 

0,015 

—6 

»  .  CaO 

0,050 

0,048 

—4 

Cs 

Quartz 

0,011 

0,010 

-9 

The  same 

0,016 

0,017 

+6 

Quartz  with  50%  Al(OH)3 

0,016 

0,016 

0 

»  .  MgO 

0,016 

0,014 

-12 

«  ,  FCiOa 

0,016 

0,018 

+12 

MgO 

0,050 

0,042 

—16 

Quartz 

0,11 

0,10 

—9 

Quartz  with  50%  CaO 

0,11 

0,11 

0 

,  .  CaO 

0,016 

0,013 

+18 

»  »  FeaOa 

0,11 

0,10 

—9 

*  Result  of  a  chemical  determination. 


EXPERIMENTAL  PROCEDURE 

The  prepared  analytical  sample  (40  mg  of  mixture  containing  equal  amount  of  test  silicate  and  potassium 
sulfate)  was  placed  in  the  crater  of  the  lower  electrode.  The  arc  was  fired  with  a  short-time  high  frequency  spark 
from  an  activator  and  3-4  seconds  afterwards  exposure  of  the  spectrum  emitted  by  the  central  part  of  the  flame 
was  commenced;  the  exposure  time  was  2  minutes,  hi  the  course  of  which  there  occurred  a  sufficiently  complete 
fractional  evaporation  of  the  elements  to  be  determined.  About  50  spectra  were  photographed  on  one  plate  (12 
samples  and  4-5  standards  three  times  each>,  for  the  determination  of  only  one  of  the  elements,  the  number  of 
spectra  photographed  on  a  plate  can  be  increased,  if  the  length  of  spectral  part  be  cut  down  by  means  of  a  screen, 
and  a  9  X  12  cm  plate  is  shifted  inside  the  casette. 

The  spectrograms  were  developed  as  usual  until  the  blackening  of  the  background  was  not  less  than  0.4. 
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On  the  basis  of  the  photometric  measurements  of 
the  spectra  of  the  standards,  calibration  curves  were 
constructed  for  e^ch  plate  within  the  coordinates:  dif¬ 
ference  between  blackening  of  the  line  and  background- 
logarithm  of  the  concentration  (determination  of  rubid¬ 
ium  and  cesium)  or  in  the  coordinates:  line  blackening- 
logarithm  of  the  concentration  (determination  of  thal¬ 
lium  and  indium).  For  determination  of  higher  concen¬ 
trations  of  the  elements  than  are  indicated  for  the  re¬ 
commended  analytical  lines,  the  samples  could  be  di¬ 
luted  accordingly  with  quartz  or  a  dead  rock. 

Reproducibility  and  Accuracy  of  the 
Method 

The  reproducibility  of  the  determination  of  rubid¬ 
ium,  cesium,  thallium,  and  indium  was  established  by 
repeated  analysis  of  standard  powders  of  silicates,  con¬ 
taining  various  amounts  of  these  elements,  and  also  by 
repeated  analysis  of  natural  minerals.  Calculation  of 
the  probable  experimental  error  for  the  elements  in  silicates  (mean  of  three  parallel  determinations)  showed  that 
the  reproducibility  of  the  determination  of  these  elements  amounts  t  ±  8-9%  for  rubidium,  cesium,  and  thallium 
and  to  ±  11%  for  indium.  Typical  working  calibration  curves  for  the  determination  of  the  listed  elements, 
constructed  on  a  silicate  base,  are  shown  in  Fig.  9* 

As  noted  already,  on  diluting  the  silicate  powders  with  an  equal  weight  of  potassium  sulfate,  the  results  of 
the  determination  were  not  found  to  depend  on  the  composition  of  the  test  silicate  in  the  case  of  determination 
of  rubidium  and  cesium,  during  the  determination  of  indium  and  thallium,  however,  it  was  found  that  changes 
in  the  composition  of  the  test  materials,  when  one  batch  of  standard  samples  was  used,  could  lead  to  systematic 
deviations  of  up  to  20-40%.  This  was  found  to  be  particularly  true  for  the  analysis  of  silicates  containing  up  to 
50%  and  more  of  galenite,  calcium  oxide,  and  certain  other  compounds.  In  such  cases,  and  also  where  it  is  ne¬ 
cessary  to  determine  indium  and  thallium  in  non-silicate  mono-mineral  samples,  it  is  recommended  that  samples 
of  the  appropriate  bulk  composition  be  used.  For  example,  the  table  contains  results  for  control  analyses  of 
silicates  for  their  contents  of  rubidium,  cesium,  thallium,  and  indium. 


^®back.^^»^® 


n.iB 


Fig.  9.  Calibration  curves  for  the  determination  of 
Rb,  Cs,  Tl,  and  In  in  silicates:  Rb  I  4215.85  A;  Cs 
I  4555.36  A;  Tl  I  3775.72  A;  In  I  4101.77  A. 


SUMMARY 

A  low  temperature  d.c.  carbon  arc  is  a  valuable  excitation  source  of  the  spectra  of  Rb,  Cs,  Tl,  and  In  under 
conditions  which  ensure  the  intensive  passage  of  predominant  amounts  of  potassium  vapor  into  the  arc  discharge. 

A  method  for  the  quantitative  spectrographic  determination  of  Rb,  Cs,  Tl,  and  In  based  on  excitation  of 
the  spectra  of  these  elements  in  a  low  temperature  arc,  permits  the  direct,  simultaneous  determination  of  low 
concentrations  of  Rb,  Sc,  Tl,  and  Cs  in  silicate  powders,  with  a  probable  error  of  ±  9-11%. 
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DETERMINATION  OF  CALCIUM,  STRONTIUM,  AND  MAGNESIUM 
BY  RADIOMETRIC  TITRATION  WITH  COMPLEXON 

T.  Braum,  I. Maksim,  and  I.  Galatseanu 
Institute  of  Atomic  Physics,  Bucharest  (Rumania) 


Various  precipitation  reactions  [1-8]  and  reactions  for  the  formation  of  extractable  complex  compounds 
[9,  9a]  are  used  in  the  radiometric  method  of  tritation. 

The  aim  of  the  present  work  was  to  find  a  method  for  radiometric  titration  using  complex  forming  re¬ 
agents.  This  problem  was  solved  by  using  non-isotopic  indicators  in  the  form  of  precipitates.  The  principle  of 
the  method  is  as  follows.  Let  us  assume  that  titration  of  the  cation  M*^  with  reagent  A*"  proceeds  according  to 
the  following  equation; 

m2'- +  (1) 


The  titration  endpoint  is  established  by  means  of  a  radioactive  cation  Mj*  ,  found  in  the  form  of  a  precipitate 
M  j  ,  which,  on  termination  of  reaction  interacts  with  the  complex  forming  reagent  according  to  the  equation; 

(2) 

B  +  A2-  C  [M*A]  +  B^-. 

The  stability  of  the  compound  MA  formed  according  to  equation  (1)  is  characterized  by  the  value  pKj^y^.  The 
equilibrium  of  reaction  (2)  is  determined  by  the  instability  constant  of  the  complex  [Nf^A]  and  the  solubil¬ 
ity  product  Lj^^*g  of  the  precipitate  Mj*B  . 

Titration  is  possible  when  the  logarithms  of  the  instability  constant  of  the  complexes  [MA]  and  [M*A] 
satisfy  the  following  inequality: 


P/Cma  >  PK, 


m/a* 


(3) 


On  the  other  hand,  the  relation  between  the  instability  constant  of  the  complex  [MlA]  and  the  solubility 

product  of  the  precipitate  MjB  should  be  such  that  the  precipitate 
can  dissolve  the  complex  forming  reagent.  When  this  titration  is 
realized,  reaction  (1)  begins.  The  radioactivity  of  the  solution  sep¬ 
arated  from  the  precipitate  remains  constant,  and  is  determined  by 
the  amount  of  radioactive  ions  M^  passing  into  solution  in  ac¬ 
cordance  with  the  solubility  product  of  the  precipitate  M|B  .  As 
soon  as  all  the  ions  M*^  from  the  solution  have  reacted  with  the 
A*“  ions,  excess  of  the  latter  will  react  with  the  M^*^  ions  of  the 
precipitate;  during  this  process  the  precipitate  MjB  will  gradually 
dissolve.  Thus,  the  radioactivity  of  the  solution  will  increase  in 
proportion  to  the  amount  of  the  reagent  Introduced  after  the  equiv¬ 
alence  point  has  been  reached.  The  theoretical  titration  curve  is 
shown  in  Fig.  1. 
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ml  reagent 

Fig.  2.  a)  Titration  of  10  ml  of  0.1  N 
Ag*NOj  with  0.1  N  KIOs  solution;  b) 
titration  of  10  ml  of  0.1  N  KIO3  with 
Ag*N03  solution. 


ml  0.01  M  Complexon 
Fig.  3.  Titration  curve  of  Ag*I03  with 
Complexon  in  at  a  pH  of  10.5. 


I 

\ 

s 


On  the  basis  of  this  principle  it  should  be  possible  to  carry  out  radiometric  titrations  with  any  complexing 
agent  which  quantitatively  reacts  with  the  ions  of  the  element  to  be  determined.  Below  are  given  examples  of 
the  application  of  this  principle  to  titration  with  Complexon  m. 

Ag  in  the  form  of  silver  iodate  was  used  as  the  radioactive  indicator  in  the  precipitate. 

A  Study  of  the  Behavior  of  the  Indicator 

pL  for  silver  iodate  is  7.3  [10].  The  curve  for  the  radiometric  titration  of  Ag*N03  with  a  solution  of  KIO3, 
and  a  solution  of  KIO3  with  a  solution  of  Ag*N03  is  shown  in  Fig.  2. 

In  order  to  shift  the  equilibrium  Ag*N03  «*?=I03"  +  Ag*  to  the  left,  excess  iodate  is  added  to  the  solution. 
Dissolution  of  silver  iodate  in  the  presence  of  Complexon  in  proceeds  according  to  the  equation; 

Ag*I  O3  +  [HaVr^  -  [HAg* Y]2-4I  0“  +  H  +  • 


The  position  of  the  equilibrium  of  this  equation  is  determined  by  the  value  of  pL  for  Ag*N03  and  by  the  in¬ 
stability  constant  of  the  compound  formed  between  silver  and  Complexon  DI . 

The  position  of  the  equilibrium  [HAg*Y]*''+ H+ ^[HjY]*"  +  Ag*+  depends  on  the  pH  of  the  solution. 
For  silver  complexonate  pK  =  7.3  [11]. 


Titration  in  a  strongly  alkaline  medium  is  not  recommended  because  of  the  conversion  of  silver  iodate 

into  silver  oxide.  The  solubility  of  silver  iodate  in  Complexon  in  depends  on  the  pH.  The  optimum  pH  range 

for  carrying  out  the  titration  of  any  ion,  on  observing  the  condition  pK  >pK  •  ^  9.5-11.5. 

*  [HAg  I J 

In  this  pH  range,  the  reaction  between  silver  iodate  and  Complexon  HI  is  quantitative.  The  radioactiv¬ 
ity  of  the  solution  increases  during  the  interaction  of  silver  iodate  and  Complexon  HI  (Fig.  3). 


From  Fig.  4  it  is  clear  that  the  reaction  between  Ag*I03  and  0.01  M  Complexon  III  finishes  after  0.5 
minute  when  the  solution  is  mixed;  when  0.001  or  0.0001  M  Complexon  HI  solution  is  used  ,  the  time  taken 
by  the  reaction  increases. 

We  have  studied  the  effect  of  those  anions  which  can  precipitate  silver,  e.g.,  according  to  the  equation; 

2  |HAg*Y|’“+McO-7  4-  2H  '-  ^  2  +  Ag.,*MoO.,. 

Experiment  showed  that  ions  of  molybdic,  phosphoric,  tartaric,  and  citric  acids  do  not  interfere.  Cl"  ions  inter¬ 
fere. 


Titration  can  be  carried  out  by  direct,  reverse ,  and  indirect  methods. 
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BO  m  180  240  300  360 

seconds 

Fig.  4,  Effect  of  duration  of  stir¬ 
ring  on  the  rate  at  which  silver  iod- 
ate  dissolves  in  the  complexon. 


a  b 


ml  of  complexon 

Pig.  5.  Theoretical  curve  for  back 
titration. 


Pig.  6.  Curves  for  radiometric  titration  of  various  amounts 
of  Ca. 


Direct  titrations  .  Direct  titration  with  complexon  is  possible  of  such  ions  which  at  pH  9.5-11.5  do  not 
hydrolyze,  or  are  kept  in  solution  in  die  presence  of  masking  agents  (Mg,  Sr,  Ca,  Co,  Ni,  Cu,  Zn,  Cd,  In,  Pb  [12]). 
We  have  carried  out  direct  titration  of  Mg,  Sr,  and  Ca. 

Reverse  (back)  titrations.  Some  elements,  such  as  Th,  Zr,  Hg,  and  Bi  cannot  be  kept  in  solution  at  a  pH 
of  9.5-11.5.  They  can  be  determined  by  a  back  titration.  For  this  purpose  excess  Complexon  m  Is  added  to  the 
test  solution  at  a  reduced  pH  and  then  the  pH  adjusted  to  9.5-11.5,  after  which  the  indicator  (Ag*N03)  is  added. 
Part  of  the  excess  complexon  dissolves  the  silver  iodate,  and  the  solution  acquires  a  high  activity.  After  this, 
excess  complexon  is  titrated  with  a  solution  of  the  salt  of  any  element  which  forms  a  less  stable  complexonate 
with  the  complexon  than  the  test  ion.  During  back  titration,  initially  only  the  free  complexon  reacts.  During 
this  time  the  radioactivity  of  the  solution  remains  constant  (Fig.  5  a-b):  subsequently,  as  the  solution  is  added 
the  silver  complexonate  decomposes  and  the  Ag*  passes  into  the  precipitate,  while  the  radioactivity  of  the  sol¬ 
ution  decreases  proportionally  (Fig.  5  b-c)}  when  all  the  silver  complexonate  has  decomposed,  the  radioactivity 
of  the  solution  remains  constant  (section  c-d). 

Indirect  titration.  Quantitative  determination  of  anions  is  possible  by  means  of  indirect  titration.  For 
this  purpose  the  test  ion  is  precipitated  with  a  suitable  cation,  which  is  subsequently  titrated  with  complexon. 

The  precipitate  obtained  is  dissolved  and  the  given  cation  titrated. 
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Direct  Titration  of  Calcium,  Strontium,  and  Magnesium 

Reagents  and  apparatus.  0.01  M  Complexon  in  was  prepared  by  dissolving  an  accurately  weighed  amount 
of  the  pure  compound.  The  compound  was  dried  beforehand  for  several  hours  at  80*.  The  solution  was  neutral¬ 
ized  by  means  of  NaOH  (the  tetrasodium  salt  is  obtained).  More  dilute  solutions  of  Complexon  m  (0.001  and 
0.0001  M)  were  prepared  by  diluting  the  0.01  M  solution. 

0.1  M  solutions  of  calcium,  nitrate,  magnesium  sulfate,  and  strontium  nitrate  were  prepared  by  dissolving 
the  crystalline  preparations  in  water.  The  concentration  of  these  solutions  was  established  by  titration  with  the 
Complexon  HI  solution  using  eriochrome  black  T  as  indicator. 

A  saturated  solution  of  chemically  pure  potassium  iodate  was  used. 

Silver  nitrate  with  labeled  Ag^°  was  obtained  by  irradiating  chemically  pure  AgNOs  in  a  IF  A  atomic 
reactor  for  5  hours  in  a  neutron  beam  of  10^®  neutrons/ second/ cm*.  The  irradiated  AgN03  was  dissolved  in 
sufficient  water  to  give  a  0.01  N  solution.  The  precipitate  of  silver  iodate  obtained  on  precipitating  5  ml  of 
Ag*N03  by  means  of  3  ml  of  potassium  iodate  had  low  radioactivity  (Fig.  2).  On  addition  of  1  ml  of  0.01  M 
Complexon  HI  solution  the  radioactivity  of  the  solution  increased  by  250  impulses/ minute. 

The  usual  apparatus  was  used  tor  the  radiometric  measurents.  3-  and  y  radiations  were  measured  by  means 
of  an  MS -7  counter  in  a  B-2  setup.  Titration  was  carried  out  by  means  of  1  and  2  ml  automatic  microburets.  The 
solutions  were  mixed  by  means  of  a  magnetic  stirrer.  The  pH  was  measured  with  universal  indicator  paper. 

Titration  of  Ca,  St,  and  Mg  in  pure  solutions.  5  ml  of  the  0.01  N  solution  of  active  silver  nitrate  and  3 
ml  of  saturated  potassium  iodate  solution  were  pipetted  into  a  200  ml  beaker.  After  1  minute,  various  amounts 
of  the  solutions  of  the  Ca,  St,  and  Mg  salts  were  added  to  the  beaker  from  a  microburet.  The  volume  of  the 
solution  was  made  up  to  50  ml  with  deionized  water,  stirred  for  2  minutes,  after  which  its  radioactivity  was 
measured.  The  complexon  was  added  in  aliquots  of  0.1-0.3  ml  from  a  microburet. 

The  equivalence  point  was  determined  either  graphically  or  by  calculation. 

The  titration  curve  is  shown  in  Fig.  6,  while  the  results  are  given  in  Tables  1-3. 

The  sensitivity  of  the  method  depends  on  the  activity  of  the  indicator.  On  increasing  the  activity,  the 
sensitivity  also  Increases. 

TABLE  1 


ca,  mg 


taken 

found 

taken 

found 

5,83 

5,79 

0,44 

0,45 

1.75 

1,70 

0,44 

0,43 

1,75 

1,72 

0,29 

0,30 

1,17 

1,15 

0,29 

0,29 

1,17 

1,15 

0,29 

0,29 

1,17 

1,13 

0,15 

0,15 

0,58 

0,56 

0,15 

0,14 

0,58 

0,59 

0,15 

0,14 

Titration  of  magnesium  in  the  presence  of  calcium.  During  complexonometric  determination  of  Ca  and 
Mg  it  is  necessary  to  separate  them  [11-15].  During  separation  of  these  elements  by  the  sulfite  method,  poor 
results  are  obtained  since  the  indicator  works  poorly  in  a  sulfite  medium.  Separation  of  Ca  and  Mg  by  precipitat¬ 
ing  the  calcium  with  molybdate  gave  good  results.  The  presence  of  Moo/"  ions  in  the  solution  being  titrated 
does  not  interfere  with  the  determination.  For  determination  of  calcium  and  magnesium  (in  dolomites,  limestone, 
glass,  pharmaceutical  preparations,  etc,  and  also  for  determination  of  water  hardness)  the  following  procedure 
can  be  adopted.  Total  Ca  +  Mg  is  determined  in  one  aliquot  of  the  solution,  while  magnesium  is  titrated  in 
another  aliquot  after  precipitation  of  calcium  as  molybdate,  calcium  is  determined  by  difference. 
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EXPERIMENTAL  PROCEDURE 

Solutions  containing  Ca  +  Mg  in  various  amounts  are  adjusted  to  a  pH  of  8-9  by  addition  of  KOH.  The 
solution  is  then  heated  to  60-70*  and  10  ml  of  a  10%  solution  of  potassium  molybdate  added  with  continuous 
stirring  over  a  period  of  1-2  minutes,  after  which  the  solution  is  brought  up  to  the  boiling  point  for  2-3  minutes. 
The  precipitate  is  filtered  off  through  filter  paper  (Schleicher -Shcul  No,  598,  blue  band)  and  the  precipitate 
washed  with  10  ml  of  distilled  water  and  then  with  5%  ethanol  solution.  The  indicator  (Ag*N03)  is  added  and 
the  volume  of  the  solution  made  up  to  50  ml  with  waterj  the  magnesium  is  then  titrated  with  Complexon  HI  as 
indicated  above.  The  results  obtained  are  given  in  Table  4. 


TABLE 

2 

T  ABLI 

3 

TABLE 

4 

Sr. 

mg 

Mg, 

mg 

Ratio  of 

Mg 

.  mg 

taken 

found 

taken 

found 

Ca:Mg 

taken  | 

found 

9,04 

8,84 

1,60 

1,52 

1:1 

0,32 

0,32 

0,78 

6,78 

0,51 

0,52 

2,5:1 

0,32 

0,32 

4,52 

4,42 

0,32 

0,32 

5:1 

0,32 

0,28 

3,62 

3,62 

0,32 

0,32 

10: 1 

0,32 

0,31 

2,71 

2,61 

0,16 

0,15 

20: 1 

0,32 

0,32 

2,26 

2,26 

0,16 

0,17 

30: 1 

0,32 

0,28 

1,81 

1,81 

0,11 

0,11 

SUMMARY 

A  method  has  been  developed  for  radiometric  titration  by  means  of  complexing  agents,  precipitates  being 
used  as  non -isotopic  indicators. 
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COLOR  REACTIONS  FOR  SCANDIUM 


I.  M.  Korenman,  V.  P.  Gunina,  and  L.  K.  Trifonova 
The  N.  I.  Lobachevskii  Gorky  State  University 


Very  few  color  reactions  are  known  for  scandium.  Such  reactions  are  not  mentioned  in  the  literature  [1-3]; 
one  or  two  color  reactions  for  scandium  are  briefly  mentioned  in  some  papers  [4-6].  In  acid  media,  scandium, 
and  also  thorium,  zirconium,  cerium,  etc.,  give  a  rose -colored  precipitate  with  2,5-dihydroxy-l,4-benzoquinone 
[7],  and  a  dark-violet  precipitate  with  sodium  alizarin  sulfonate  [8-11].  Quinalizarin  [8,  12]  and  cochineal  [8], 
among  other  hydroxyanthraquinones,  have  been  suggested  as  color  reagents  for  scandium. 

We  decided  it  would  be  advantageous  to  study  the  behavior  of  a  number  of  hydroxyanthraquinones,  and 
also  of  naphthazarine  towards  scandium  under  various  conditions,  and  to  compare  them  with  reagents  suggested 
earlier. 

The  reactions  were  carried  out  as  follows.  To  0.2  ml  of  a  solution  of  a  scandium  salt  was  added  0.1  ml  of  a 
buffer  solution  with  a  known  pH  value,  and  0.1  ml  of  a  0.1%  aqueous  or  alcoholic  solution  of  reagent;  a  blank 
test  was  carried  out  in  parallel  (Table  1). 

TABLE  1 

Reactions  of  Scandium  Salts  with  Hydroxyanthraquinones 


Reagent 

pH 

Color  of  the  solution  I 

Limiting 

concentra¬ 

tion 

Control  1 

Scandium 

Alizarin  S 

1—5 

Y  ellow 

Red 

1 :  300  000 

Quinizarin 

4 

Yellow 

Orange 

1 ;  200000 

5—8 

The  same 

Violet 

1:  300000 

9—11 

»  » 

The  same 

1;  300000 

Purpurin 

1 

Yellow 

Red 

1:  40000 

2—5 

The  same 

The  same 

1:  500000 

6—7 

Rose 

1:  500000 

8 

The  same 

»  » 

1:  80  000 

Anthracene  blue  WR 

3—5 

Orange 

Violet 

1 :  300000 

6 

Red  violet 

The  same 

1;  200000 

7-9 

The  same 

»  » 

1  :  80  000 

Of  the  hydroxyanthraquinones  tested,  the  most  sensitive  reagents  are  purpurin  and  alizarin  S,  which 
positive  results  at  a  pH  of  5  and  lower,  and  also  anthracene  blue  WR  at  pH  3-5.  Only  a  few  other  cations  (Th  , 

IV 

Zr  )  are  capable  of  giving  a  color  reaction  at  low  pH  values.  Alizarin  and  chrysazine  give  a  color  reaction  with 
scandium,  but  this  reaction  is  given  at  high  pH  values,  at  which  many  other  cations  such  as  yttrium,  lanthanum. 
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TABLE  2 

Reactions  of  Scandium  Salts  with  Azo  Dyes 


Azo  dye 

pH 

Color  of  the  solution  | 

Limiting  I 
concentra-  I 
tion  1 

control 

scandium 

Metachrome  olive- 

2  —  4 

Yellow 

Rose 

1  :  150000 

Th.  La. 

brown 

5  —  8 

ft 

ft 

1  :  300  000 

Til,  La.  Y 

Acid  monochrome 

olive  J 

i  —2 

Yellow 

Rose 

1  :  80000 

Th 

3  —  4 

fl  M 

1  :  3(K)000 

Th,  Cc.  Y.  Al 

5—9 

ff  .  ft 

1;  150  000 

Th.  La.  Cc.  Y.  Al 

Acid  chrome  dark 

green  S 

2 

Violet 

B'lue 

1  ;  10  IKK) 

Th 

3  —  5 

ff 

^  ft 

1  :  200  OtK) 

Th 

6  —  7 

« 

ft 

1  ;  300  000 

Th.  Y  - 

Acid  monochrome 

Z 

7  —  8 

Violet 

Rose 

1  :1000000 

Th,  La,  Ce,  V,  Al 

Acid  chrome 

black  S 

4 

Yellow 

Red 

1  :  10  000 

Th,  La,  Y 

5 

fl 

ff 

1  ;  80  000 

Th,  La,  Y 

6 

ft 

1  ;  150000 

La,  Ce,  Y 

7  —  9 

ff 

ff 

1  ;10(X)000 

La.  Ce,  Y 

Acid  chrome 

blue -black  K 

1 

Red 

Red-violet 

1 ;  10  000 

— 

2  —  5 

ff 

ff 

1  ;  150  000 

— 

6-7 

fl 

ff 

1  :  200000 

La,  Y.  Al 

Acid  monochrome 

green  S 

3 

Violet 

Blue 

1;  80  000 

Th 

4  —  5 

fl 

If 

1  ;  150  000 

Th 

6  —  9 

ff 

If 

1  :  200000 

— 

cerium,  aluminum,  etc.  interact.  Naphthazarin,  quinalizarin,  chrysazin,  and  gallein  proved  to  be  comparatively 
insensitive  reagents  for  scandium.  Far  from  all  the  sensitive  reagents  permit  the  determination  of  scandium  in  the 
presence  of  other  cations.  By  making  use  of  the  fact  that  quinizarin  gives  a  violet  color  with  scandium  salts  at  a 
pH  of  6-9,  while  thorium,  yttrium,  lanthanum,  and  cerium  salts  give  an  orange  color,  it  is  possible  to  detect 
scandium  in  the  presence  of  the  cations  indicated  in  amounts  which  are  30-70  times  that  of  the  scandium.  The 
other  hydroxyanthraquinones  do  not  permit  detection  of  scandium  in  the  presence  of  thorium.  Scandium  can  be 
detected  in  the  presence  of  10-50  times  its  amount  of  yttrium,  lanthanum,  cerium,  and  aiuminum  by  means  of 
purpurin  (pH  2-3),  and  alizarin  (pH  1-3).  Trivalent  iron  interferes  with  detection  of  scandium  by  means  of  hy¬ 
droxyanthraquinones. 

The  reaction  for  scandium,  thorium,  yttrium,  etc.  proved  applicable  to  the  development  of  paper  chroma¬ 
tograms. 

Azo  dyes  are  still  little  used  as  reagents  for  scandium.  Kuznetsov  [13]  has  indicated  that  2-hydroxynaph- 
thalene-(l-azo-2)-naphthalene-l*sulfonic  acid  is  capable  of  giving  a  color  reaction  in  a  weakly  alkaline  me¬ 
dium  with  the  salts  of  many  metals,  including  scandium.  Benzene-2-carboxylic  acid-(l-azo-2*)  chromotropic 
acid,  in  neutral  media,  gives  a  color  reaction  with  salts  of  scandium,  thorium,  the  rare  earths,  etc.[14].  l-(2-Pyr- 
idylazo)-2-naphthol  gives  a  color  reaction  with  the  salts  of  scandium,  lanthanum,  zinc,  nickel,  lead,  etc.  [15]. 
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We  have  studied  the  behavior  of  a  number  of  azo  dyes  towards  scandium  salts,  bearing  in  mind  in  the  first 
instance,  1,1-dihydroxy  azo  dyes  containing  the  atomic  group 

_ OH  HO _ 

_ N=N— _ 

Such  compounds,  according  to  Kuznetsov  [16],  are  capable  of  giving  color  reactions  with  aluminum  salts. 

It  might  be  assumed  that  scandium,  which  is  also  an  element  belonging  to  Group  in  of  the  periodic  system  will 
also  react  with  these  reagents,  but  possibly  at  other  pH  values.  The  reactions  were  carried  out  in  a  micro  test 
tube  by  mixing  0.05  ml  each  of  a  solution  of  a  scandium  salt,  a  buffer  solution,  and  a  0.1*70  solution  of  the  azo  dye. 
We  studied  28  dyes  containing  this  group  of  atoms,  and  found  that  they  all  gave  color  reactions  with  scandium 
salts;  this  confirms  the  hypothesis  advanced  above.  In  Table  2  results  are  given  for  only  some  of  the  compounds 
which  are  capable  of  giving  a  reaction  which  is  sufficiently  sensitive  at  low  pH  values. 

Most  of  the  azo  dyes  tested  start  to  react  with  scandium  salts  at  pH  2-3;  the  maximum  sensitivity  is  mainly 
observed  at  pH  6-7.  The  nature  of  the  precipitates  observed  at  pH*s  higher  than  8  is  not  given  in  Table  2  since 
many  cations  give  this  reaction  under  these  conditions. 

Certain  azo  dyes,  at  low  pH  values,  permit  scandium  to  be  distinguished  from  thorium  and  the  rare  earths. 
Using  acid  chrome  blue  black  K  it  is  possible  to  detect  scandium  (pH  2-3)  in  the  presence  of  7  times  its  amount 
of  lanthanum  or  yttrium,  and  100  and  300  times  its  amount  of  cerium  and  aluminum  respectively.  The  reaction 
with  acid  monochrome  green  S  permits  detection  of  scandium  in  the  presence  of  30  times  its  amount  of  thorium, 
and  1500  times  its  amount  of  lanthanum  and  other  elements  (pH  6  ). 

SUMMARY 

Color  reactions  for  scandium  with  hydroxyanthraquinones  and  l,l*-dihydroxyazo  dyes  have  been  studied. 

New  reagents  are  suggested  for  scandium,  some  of  which  are  characterized  by  high  sensitivity  and  permit  detec¬ 
tion  of  scandium  in  the  presence  of  the  salts  of  other  elements. 
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RESEARCH  INTO  THE  ANALYTICAL  CHEMISTRY  OF  THALLIUM 


COMMUNICATION  3.  SPECTROPHOTOMETRIC  DETERMINATION  OF  THALLIUM 
WITH  ANTIPYRINE  DERIVATIVES* 

A.  I.  Busev  and  V.  G.  Tiptsova** 

The  M.  V.  Lomonosov  Moscow  State  University 


The  iodide  complexes  of  thallium,  in  contrast  to  the  chloride  and  bromide  complexes,  have  a  yellow  color. 
In  a  solution  containing  Tl^  and  excess  of  iodide  ions,  a  number  of  equilibria  exist  [1]: 

Tl*‘^  +  21  ^=2  Tl"^  +  Ig 
ig  +r  Is' 

Ti"^  +  ij"  +  r?=± 

On  gradual  addition  of  a  KI  solution  to  a  dilute  (10“^  -  10"®  M)  solution  of  Tl2(S04)3,  these  reactions 
proceed  in  the  sequence  indicated  above,  while  the  equilibrium  of  the  first  reaction,  as  a  result  of  the  large  dif¬ 
ference  in  the  normal  oxidation-reduction  potentials  of  the  system  T1*^/t1  =  1.22  volt,  and  12/21"  =  -0.54 
volt  [2]  is  shifted  almost  completely  to  the  right.  The  absorption  maximum  of  solutions  containing  the  triodide 
ion  (X  =  360  mp  )  in  the  presence  of  Tl*^  and  excess  KI  is  shifted  into  the  longer  wavelength  side  of  the  spectrum 
(\  =  395  mp  ).  But  the  TII4"  ion  is  strongly  dissociated  in  aqueous  solution,  and  the  optical  density  of  solutions 
containing  Tl®^  and  I"  only  becomes  constant  at  a  molar  ratio  of  thallium  to  iodide  of  1:3000  (thallium  concen¬ 
tration  2-10  y/ ml).  Accordingly,  spectrophotometric  determination  of  thallium  in  the  form  of  TII4"  has  proved 
to  be  possible  only  at  high  KI  concentrations  in  the  solution— about  5*70  [1].  This  is  a  big  drawback  in  practical 
work,  since  I"  is  rapidly  oxidized  to  I2  in  concentrated  solution,  while  addition  of  Na2S203  leads  to  complete  dis¬ 
appearance  of  the  color  of  the  solution,  the  latter  being  related  to  the  shift  of  the  equilibrium  toward  formation 
of  univalent  thallium.  Extraction  of  iodine  with  chloroform  and  benzene  has  the  same  effect. 

In  order  to  increase  the  stability  of  Tllj"  ions  at  low  KI  concentrations,  its  precipitation  with  antipyrine. 
derivatives  -  diantlpyrylmethane  and  diantipyrylpropylmethane  -  was  undertaken. 

It  was  established  that  in  acid  media,  in  the  presence  of  KI,  thallium  HI  is  precipitated  quantitatively  by 
the  bases  mentioned.  The  compounds  formed  are  extracted  by  benzene,  chloroform, and  dichloroethane  to  give 
a  yellow  colored  extract,  which  served  us  as  a  basis  for  developing  a  spectrophotometric  method  of  determining 
thallium. 

In  order  to  establish  the  nature  and  composition  of  the  compounds  formed,  the  compound  obtained  by 
precipitation  of  the  iodide  complexes  of  thallium  with  diantlpyrylmethane  was  isolated  in  the  pure  sate  by  the 
following  method:  to  a  solution  containing  about  0.02  g  of  thallium  in  the  form  of  Tl2(S04)8  was  added  20  ml 
of  HCl  (1:1),  this  was  followed  slowly,  with  stirring,  by  20  ml  of  0.5*70 KI,  and  5  ml  of  a  I'T’ solution  of  dlanti- 
pyrylmethane;  the  yellow  precipitate  formed  was  filtered  off  and  washed  with  water.  After  recrystallization 

•For  Communication  2  see  J.  Anal.  Chem.  14,  28  (1959). 

•  ’Student  L.  M.  Afanas*eva  participated  in  the  work. 
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from  acetone,  dark-red  needles  were  obtained.  The  thallium  and  iodine  content  of  the  isolated  compound  was 
determined:  thallium  was  determined  by  precipitation  and  weighing  as  Til,  after  dissolving  an  accurately  weigh¬ 
ed  aliquot  in  acetone  and  adding  a  small  excess  of  KI  and  a  5%  solution  of  Na2S^3  until  the  solution  was  de¬ 
colorized;  iodine  was  determined  by  precipitation  and  weighing  as  Agl.  The  analytical  results  confirmed  that 
thallium  is  precipitated  as  C23H24P2N4  •  HTII4. 

Calculated  for  C2SH24P2N4  •  HTII4J  Tl  IS.SG^o;  I  Found  %T\  18.58‘7<?  19.12;  I  46.71,  46.14. 

Isolation  of  the  product  formed  by  precipitating  the  iodide  complexes  of  thallium  with  dlantipyrylpropyl- 
methane  in  a  pure  state  proved  impossible;  the  iodide  of  the  base  itself  separates  out  at  the  same  time. 


D 


Fig.  1.  Absorption  curves  for  the  iodide  complexes  of  tri- 
valent  thallium  with  antipyrine  derivatives:  Curve  1.  4.8  • 

•  lO'^M  C23H24P2^4  *  HTH4  benzene;  Curve  2.  Absorp¬ 
tion  of  a  benzehe  solution  obtained  on  extracting  Tl*^  from 
a  solution  containing  KI  and  diantlpyrylpropylmethane 
(thallium  concentration  1.96  •  10"®  M).  Curve  3.  Absorp¬ 
tion  of  a  benzene  solution  obtained  on  shaking  benzene  with 
an  aqueous  solution  of  KI  and  diantlpyrylpropylmethane. 


In  order  to  determine  the  spectrophotometric  characteristics  of  the  compounds  obtained,  13.2  mg  of 
C2SH24O  2N4  *  HTII4  purified  by  recrystallization  and  dried  in  air  was  dissolved  in  250  ml  of  benzene  and  the 
absorption  spectrum  of  the  solution  (Fig.  1,  1),  taken  on  a  SF-4  spectrophotometer  with  a  cuvette  having  1  = 

=  10  mm.  The  molar  absorption  coefficient  was  found  to  be  about  12.000  at  405  mp .  A  similar  absorption 
curve  was  also  observed  for  a  benzene  solution  obtained  on  extracting  thallium  from  a  solution  containing  KI 
and  diantlpyrylpropylmethane  (Fig.  1,  2);  the  molar  absorption  coefficient  was  the  same.  Accordingly,  the 
molecular  weight  of  the  base -precipitant  of  the  iodide  complexes  of  thallium  (388.0  for  diantipyrylmethane  and 
430.0  for  diantipyrylpropylmethane)  has  no  appreciable  effect  on  the  maximum  and  the  value  of  the  light  ab¬ 
sorption  of  the  benzene  solutions  of  the  compounds  obtained.  The  composition  of  the  compound  formed  on  pre¬ 
cipitating  the  iodide  complexes  of  trivalent  thallium  with  diantipyrylpropylmethane  was  determined  by  the 
Ostromyslenskii— Job  method,  and  by  the  method  of  continuously  changing  the  concentration  of  one  of  the  com¬ 
ponents.  For  work  by  the  Ostromyslenskii— Job  method,  two  series  of  isomolar  solution  were  prepared;  in  one  of 
these  series,  the  molar  ratio  Thl  was  altered  while  the  excess  of  precipitant  used  was  kept  constant  as  well  as  the 
acidity;  in  the  other  series,  the  molar  ratio  of  thallium  to  diantipyrylpropylmethane  was  changed  while  the  excess 
KI  and  the  acidity  were  kept  constant.  The  diantipyrylpropylmethane  solution  was  prepared  from  an  accurately 
weighed  amount  of  reagent  recrystallized  from  alcohol  (m.p.  of  reagent  155-156")  and  dried  to  constant  weight 
at  130".  The  Tl2(S04)3  solution  was  standardized  complexonometrically  [3]. 


602 


First  Series 


I  Series 

0,0003631  M  Tio  ($04)3.  ml  10  9  8  7  6  5  4  3  2  1  0 

0,0003631  M  Kl,  ml  0  1  2  3  4  5  6  7  8  9  10 

To  each  member  of  this  series  of  solutions  was  added  1.2  ml  of  1  N  H2SO4  and  1  ml  of  0.2*70 diantipyrylpropyl- 
methane  solution. 

Second  Series 
n  Series 

0,0003631  M  TI2  (504)3.  ml  10  9  8  7  6  5  4  3  2  1  0 

0,0003631  M  daPM.  ml  0123456789  10 

To  each  member  of  this  series  of  solutions  was  added  1.2  ml  of  1  N  HjSO^  and  1  ml  of  0.2*70  KI  solution. 

Each  of  the  solutions  from  both  series  was  extracted  with  10  ml  of  benzene,  and  the  optical  density  of  the 


extracts  measured  in  a  cuvette  with  1  =  10  mm  in  a  SF 


D 

0.8 


DAPM  1  z  3  4  5  B  7  8  n 

Fig. 2.  Optical  density— composition  curve  for 
a  constant  concentration  of  diantipyrylpropyl- 
methane. 


T1  9  B  7  6  5  4  3  Z  t  m\ 


DAPM/  23456789 

Fig.  3.  Optical  density— composition  curve  for 
a  constant  concentration  of  KI. 


■4  spectrophotometer  at  400  and  410  mp  . 

The  experimental  results  (Figs.  2  and  3)  show  that 
the  optical  density  maximum  is  observed  at  a  ratio  of 
TbI  of  1:4  and  at  a  ratio  of  Tbdiantipyrylpropylmeth- 
ane  of  1: 2.  Similar  results  were  obtained  when  the 
method  of  continuous  changes  was  used  (Fig.4  and  5). 

To  6  solutions  each  containing  1  ml  of  0.0003631  M 
Tl2(S04)8  were  added  1,2,3, 4,5,  and  6  ml  of  0.0003631 
M  of  KI,  followed  by  1  ml  of  1  N  H2SO4,  and  1  ml  of 
0.2*70  reagent  solution,  and  the  volume  made  up  to 
10  ml  with  water;  the  solutions  were  then  extracted 
with  10  ml  of  benzene.  The  optical  density  became 
almost  constant  on  reaching  a  ratio  of  TbI  =  1:4. 

In  exactly  the  same  way,  solutions  were  prepared, 
each  containing  1  ml  of  0.0003631  M  Tl2(S04)3,  in¬ 
creasing  amounts  of  diantipyrylpropylmethane  (0.5, 

1, 2,3,4,  and  5  ml  of  0.0003631  M  solution),  and  excess 
KI  (1  ml  of  0.2*7o  solution).  The  total  acidity  was  0.1 
N  with  respect  to  H2SO4.  The  optical  density  became 
almost  constant  for  a  ratio  of  Tb  diantipyrylpropyl¬ 
methane  =  1:1  (Fig.  5). 

Comparison  of  all  the  results  lead  to  the  conclu¬ 
sion  that  the  composition  of  the  product  formed  cor¬ 
responds  to  the  formula  C26H3o02N4*  HTII4. 

The  results  obtained  testify  to  the  high  stability 
of  C23H24O2N4  •  HTII4  and  C26H30O2N4  •  HTU4  :  this 
means  that  these  compounds  can  be  formed,  and  make 
it  possible  to  get  a  constant  optical  density  for  a  com¬ 
paratively  small  excess  of  KI  and  diantipyrylpropylmeth  ¬ 
ane,  compared  with  the  amounts  theoretically  neces¬ 
sary. 

It  should  be  noted  that  the  optical  properties  of 
the  compounds  described  above  (the  position  of  the 
light  absorption  maximum  and  the  value  of  the  molar 
extinction  coefficient)  almost  coincide  with  the  optical 
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I) 


Fig.  4.  Relation  between  optical  density  and  KI 
concentration,  when  the  thallium  and  diantipyryl- 
propylmethane  concentrations  are  kept  constant. 


0 


Fig.  6.  Calibration  curve  for  the  spectrophoto- 
metric  determination  of  thallium  in  the  form  in 
of  C23H24O2N4  •  HTH4  or  C26H80O2N4  •  HTH4  at 
400  mp  ,  1  =  10  mm. 


DAPM  0.0003631M 


Fig.  5.  Relation  between  optical 
density  and  diantipyrylpropylmeth- 
ane  concentration,  when  the  Tl  and 
KI  concentrations  are  kept  constant. 


TABLE  1 

Determination  of  Thallium  (I) 


Tl taken, 
mg 

Tl  found 
mg 

Error 

mg 

% 

0,042 

0,045 

+0,003 

+  7 

0,042 

0,045 

+0,003 

+  7 

0,042 

0,042 

0 

0 

0,042 

0,037 

-0,005 

—12 

0,042 

0,037 

-0,005 

—12 

0,063 

0,055 

—0,008 

—13 

0,063 

0,065 

+  0,002 

+  3 

0,084 

0,085 

+0,001 

4-  1 

0,084 

0,084 

0 

0 

properties  of  the  iodide  complexes  of  trivalent  thallium  (I).  A  similar  phenomenon  is  observed  in  the  case  of 
the  optical  properties  of  the  complex  ions  of  Co^^  with  SCN“  in  the  absence  and  in  the  presence  of  diantipyryl- 
methane  [4].  However,  the  use  of  such  bases  as  diantipyrylmethane  and  diantipyrylpropylmethane  significantly 
increases  the  stability  of  the  iodide  complexes  of  thallium,  and  simplifies  and  considerably  improves  the  technique 
for  its  determination. 

On  the  basis  of  these  preli  minary  experiments  the  following  technique  was  adopted  for  the  spectrophoto - 
metric  determination  of  thallium  (KI);  to  a  solution  containing  10~200  y  Tl®^,  was  added  2-3  ml  of  a  O.l'^oKl 
solution,  1-2  ml  of  a  0.05*7  solution  of  diantipyrylpropylmethane  in  CH3COOH  (1:10)  and  1  ml  of  1  N  H2SO4. 

The  total  volume  of  the  aqueous  phase  was  about  10  ml.  10  ml  of  benzene  was  used  for  extraction.  A  0.1*7o 
solution  of  diantipyrylmethane  can  be  used  with  equal  success  instead  of  the  diantipyrylpropylmethane.  Under 
these  conditions  the  color  of  the  extracts  conforms  to  Beer's  law  (Fig.  6).  The  minimum  amount  of  thallium 
that  can  be  determined  is  0.3  y  Th/ ml. 

The  method  developed  has  been  applied  to  the  determination  of  univalent  thallium  after  oxidation  of  the 
latter  with  bromine  in  a  neutral  or  weakly  acid  medium  to  trivalent  thallium. 

To  a  solution  containing  univalent  thallium  was  added  2-3  ml  of  bromine,  and  the  excess  bromine  re¬ 
moved  by  boiling;  to  the  solution  containing  TlBr3  was  added,  after  cooling,  2-3  ml  of  0.1%  KI  solution,  1-2 
ml  of  a  0.05%  solution  of  diantipyrylpropylmethane,  and  1  ml  of  1  N  H2SO4,  and  the  whole  extracted  with  10  ml 
of  benzene;  the  optical  density  was  finally  measured  at  400  mp  .  As  the  results  given  in  Table  1  show,  the 
method  can  be  used  for  determining  univalent  thallium. 
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It  was  of  considerable  Interest  to  establish  the  selectivity  of  this  method  of  determining  thallium,  and 
particularly  the  possibility  of  determining  this  element  in  the  presence  of  Cd,  Bi,  Cu,  Zn,  Fe,  and  also  of  Ga  and 
In.  Cu*^  and  Fe*^  react  with  KI  to  liberate  iodine,  and  this  could  lead  to  inaccurate  results  unless  precautions 
are  taken  to  prevent  this  reaction.  Bismuth  forms  an  intensely  colored  complex  Bil4",  while  cadmium  forms  a 
fairly  stable  complex  Cdl^",  which  can  also  be  precipitated  by  diantlpyrylmethane  and  dlantlpyrylpropylmethane. 

Tartaric  acid  and  Complexon  III  were  used  for  eliminating  interference  from  Cu*^,  Fe*^,  and  Bl*^.  Tar¬ 
taric  acid  in  a  weakly  acid  medium  (pH  2-3)  eliminates  the  influence  of  Cu*^  and  Bi*  ,  but  does  not  prevent 
interference  from  Fe*  ,  which,  under  these  conditions,  passes  into  the  extract  and  thereby  enhances  the  intensity 
of  the  color  of  the  benzene  layer. 

The  most  successful  masking  agent  proved  to  be  Complexon  in,  which  forms  at  pH  2-3  with  Cu*^,  Fe*^, 
and  Bi*^  stable  compounds  which  do  not  interact  with  KI.  Under  these  conditions,  thallium  (HI)  is  more  firmly 
bound  in  its  compounds  *  HT1I4  And  ^26^3002^4  •  HTII4,  than  in  its  compound  with  Complexon  in. 

To  a  solution  containing  Tl*^  and  Me'^’’’  (Cu*^,  Fe*^,  Bi*^)  was  added  a  few  milliliters  of  a  5%  solution  of 
Complexon  in,  ammonia  was  the  added  until  the  solution  had  a  weak  odor  of  the  latter  (the  solution  should 
remain  clear  during  this  stage;  should  a  precipitate  appear  or  a  faint  turbidity  develop,  additional  Complexon  in 
solution  should  be  added);  KI  solution  and  the  reagent  were  then  added  in  the  requisite  amounts,  after  which 
the  solution  was  carefully  acidified  to  a  pH  of  about  3,  using  universal  indicator  paper  (it  is  best  to  use  2  M 
CH3COOH).  The  final  solution  was  extracted  with  benzene,  and  the  optical  density  of  the  extract  measured  as 
usual  on  a  SF-4  spectrophotometer  at  400  m|i  using  a  cuvette  with  a  layer  thickness  of  10  mm. 

Zn,  In,  and  Ga  ions,  even  in  the  absence  of  Complexon  in,  do  not  interfere  with  the  spectrophotometric 
determination  of  thallium  (Table  2).  Cadmium  does  not  Interfere  as  long  as  its  concentration  is  not  too  high 
(the  ratio  ThCd  should  not  exceed  1:200).  When  larger  amounts  of  cadmium  are  present,  the  amount  of  KI  and 
reagent  used  increases,  and  low  results  are  obtained  for  thallium.  In  the  presence  of  Complexon  m,  lead,  even 
when  it  is  present  in  amounts  which  are  20,000  times  that  of  the  thallium,  shows  hardly  any  effect  at  all  (Table  2). 

TABLE  2 


Determination  of  Thallium  in  the  Presence  of  Foreign  Ions 


T1  taken, 
mg 

V.  >1+ 

Me 

taken, 

mg 

Ratio 

Tl:Me 

Tl  found, 
mg 

Error, 

mg 

0,037 

20 

Cu 

1 

540 

0,037 

0 

0,037 

40 

» 

1 

1080 

0,0.37 

0 

0,037 

20 

Fe 

1 

:540 

0,037 

0 

0,015 

80 

» 

1 

5300 

0,017 

+0,002 

0,022 

100 

» 

1 

;  4.500 

0,021 

-0,001 

0,022 

20 

Bi 

1 

1000 

0,024 

+0,002 

0,037 

40 

» 

1 

1080 

0,032 

—0,005 

0,037 

20 

» 

1 

540 

0,036 

-0,001 

0,037 

206 

Zn 

1 

5570 

0,037 

0 

0,037 

206 

» 

1 

5570 

0,039 

+0,002 

0,037 

2 

In 

1 

54 

0,036 

—0,001 

0,037 

2 

» 

1 

54 

0,034 

—0,003 

0,037 

2 

Ga 

1 

54 

0,0.35 

—0,002 

0,037 

4 

Cd 

1 

108 

0  037 

0 

0,037 

8 

» 

1 

216 

0,036 

—0,001 

0,037 

10 

» 

1 

270 

0,032 

—0,005 

0,037 

10 

1 

270 

0,0.30 

—0,007 

0,037 

200 

Pb 

1 

.5400 

0,035 

—0,002 

0,015 

200 

» 

1 

1.3000 

0,015 

0 

0,015 

300 

» 

1 

;  20000 

0,013 

—0.002 

Hg*^  ions  in  the  presence  of  excess  KI  give  a  soluble  complex,  which  is  precipitated  by  antipyrine  deriv¬ 
atives;  the  precipitate  is  extracted  by  benzene  to  give  a  yellow  colored  extract;  interference  from  mercury  can 
not  be  suppressed  by  addition  of  Complexon  m  under  the  conditions  described  above. 
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SUMMARY 


It  has  been  shown  that  antipyrine  derivatives -dlantipyrylmethane  and  diantlpyrylpropylmethane— precipitate 
thallium  (HI)  in  the  form  of  C23H2SP2N4  •  HTH4  C26H80O2N4  *  HTII4  in  the  presence  of  KI  in  an  acid  medium. 

It  has  been  established  that  the  compounds  C28H24O2N4*  HTII4  and  C26HS0O2N4  •  HTH4  extracted  by 
benzene,  and  that  the  color  of  the  extract  conforms  to  Beer's  law  at  400-405  mp  . 

The  molar  extinction  coefficient  of  solutions  of  the  compounds  obtained  in  benzene  is  12,000  at  400-405 
mp  ,  and  is  independent  of  the  molecular  weight  of  the  base -precipitant. 

A  method  has  been  developed  for  the  spectrophotometric  determination  of  thallium  in  the  presence  of 
Fe,  Bi,  Cu,  Zn,  Pb,  Cd,  Ga,  and  In. 
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QUANTITATIVE  DETERMINATION  OF  THALLIUM  AS  DICHROMATE 


COMMUNICATION  2.  DETERMINATION  OF  THALLIUM  IN  THE  PRESENCE 
OF  OTHER  ELEMENTS  * 

N.  I.  Bashilova 

The  N.  S.  Kurnakov  Institute  of  General  and  Inorganic  Chemistry,  Acad.  Sci, 
USSR,  Moscow 


The  quantitative  determination  of  thallium  in  the  form  of  its  dichromate  has  been  discussed  previously 
[1-2]  as  well  as  the  possible  application  of  this  method.  One  of  the  main  advantages  of  determining  thallium 
as  the  dichromate  is  the  possibility  of  determining  it  directly  without  preliminary  separation  from  accompanying 
elements. 

The  present  article  is  devoted  to  determination  of  thallium  in  the  form  of  the  dichromate  in  the  presence 
of  those  metals  which  form,  and  those  which  do  not  form,  sparingly  soluble  chromates. 

Thallium  dichromate  was  precipitated  previously  from  sulfuric  acid  solutions  [2].  Since  some  accompanying 
metals  are  precipitated  by  the  sulfate  ion,  a  study  was  made  of  the  possibility  of  determining  thallium  in  the 
form  of  dichromate  in  solutions  of  other  mineral  acids,  in  particular, in  nitric  and  perchloric  acids.  This  problem 
was  also  of  independent  interest.  It  is  known  [2]  that  non-reproducible  results  have  been  obtained  during  the 
determination  of  thallium  by  precipitating  it  from  perchloric  acid  solutions  [3].  Accordingly,  we  had  to  explain 
whether  or  not  the  acid  and  its  concentration  affect  the  precipitation  of  thallium  dichromate. 

Thallium  was  determined  quantitatively  by  the  gravimetric  method  [2],*  The  thallium  dlchromate  was 
precipitated  without  heating  from  acid  solutions  by  means  of  chromic  oxide.  In  those  cases  where  precipitation 
was  carried  out  from  sulfuric  or  perchloric  acid  solution,  thallium  sulfate  was  used  as  the  original  salt;  during 
precipitation  from  nitric  acid  solution,  the  thallium  salt  used  was  the  nitrate.  The  metals  in  whose  presence 
thallium  was  determined  were  added  beforehand,  either  in  the  forms  of  sulfates  or  nitrates  respectively.  Thallium 
dichromate  was  precipitated  horn  a  solution  with  a  volume  of  about  80  ml:  water  was  then  added  to  bring  the 
volume  up  to  about  100  ml.  The  thallium  dichromate  precipitate  was  kept  in  the  mother  liquor  for  3-4  hours  at 
1-3*,  afterwards  the  precipitate  was  filtered  through  a  No.4  glass  crucible  and  washed.  Initially  the  precipitate 
was  washed  free  from  the  metals  present  during  the  determination  of  thallium  by  means  of  a  cooled  acid  solution 
of  chromic  oxide,  the  concentration  of  which  corresponded  to  that  of  the  mother  liquor  (see  Table  1)  and  then  with 
a  cooled  solution  of  chromic  oxide  containing  1  g  Cr03  in  100  ml;  it  was  finally  washed  with  acetone  until  no 
chromate  was  detected  in  the  wash  liquor.  The  washed  precipitate  was  dried  to  constant  weight  at  110-130"  and 
weighed  as  Tl2Cr2P7. 

The  results  which  are  given  in  Table  1  indicate  that  it  should  be  possible  to  determine  thallium  quantita¬ 
tively  as  its  dichromate  in  nitric  and  perchloric  acids;  the  maximum  permissible  concentration  of  perchloric 
acids;  the  maximum  permissible  concentration  of  perchloric  acid,  as  was  the  case  when  sulfuric  acid  was  used 
[2],  amounts  to  approximately  18-20  g  per  100  ml  of  solution,  while  the  amount  of  nitric  acid  is  about  10  g  per 
100  ml.  Thallium  dichromate  is  also  precipitated  quantitatively  at  lower  acid  concentrations. 

•For  Communication  1  see  J.  Anal.  Chem.  13,  545  (1958). 

•  •N.  I.  Solotina  participated  in  the  experimental  work. 


TABLE  1 

Determination  of  Thallium  as  Its  Dichromate  in  Nitric  and 
Perchloric  Acid  Solutions 


Taken,  g/ 100  ml 

Tl  found, 

g* 

Error, 

mg 

Tl 

CrO, 

HNO, 

HCIO. 

0,0767 

1 

5 

* 

! 

0,0766 

-0,1 

0,0767 

1 

10 

—  i 

0,0766 

—0,1 

0,0767 

3 

15 

—  1 

0,0757 

—1,0 

0,0767 

8 

15 

— 

0,0758 

—0,9 

0,0810 

1 

— 

1 

0,0810 

0,0 

0,0810 

1 

— 

5 

0,0808 

-0,2 

0,0810 

1 

— 

10 

0,0809 

-0,1 

0,0810 

2,5 

— 

18  i 

0,0810 

'  0,0 

0,0810 

3 

— 

20  1 

0,0810 

0,0 

0,0810 

8 

- 

25  , 

0,0802 

—0.8 

Mean  value  of  several  determinations. 

Determination  of  Thallium  in  the  Presence  of  Metals  which  do  not  Form  Sparingly 
Soluble  Compounds 

Thallium  was  determined  quantitatively  in  the  form  of  its  dichromate  in  the  presence  of  Zn,  Cd,  Fe,  Cu*  , 
Al,  Mg,  Co,  Ni,  Sb,  In*  ,  Ga,  Ge,  and  Tl^  (Tables  2-3).  The  results  obtained  show  that  it  is  possible  to  de¬ 
termine  thallium  directly  as  its  dichromate  in  acid  solutions  when  the  metals  indicated  ate  present,  individually, 
or  together.  It  follows  naturally  that  otlrer  metals,  which,  under  the  experimental  conditions  used  for  determining 
thallium,  do  not  form  sparingly  soluble  compounds,  and  are  not  coprecipitated  with  TljCrjQY,  will  not  interfere 
with  thallium  determination  either. 

It  should  be  observed  that  results  for  determination  of  thallium  in  the  presence  of  Fe^  at  relatively  high 
acid  concentrations  are  on  the  low  side  when  the  thallium  dichromate  precipitate  is  kept  for  a  long  time  in 
contact  with  the  mother  liquor,  e.g.t overnight,  which  is  quite  permissible  in  other  cases.  This  is  connected  with 
the  oxidation  —reduction  reaction  between  Tl^  and  Fe^  [4,5].  Accordingly,  when  thallium  is  determined  in  the 
presence  of  Fe^,  precipitation  must  be  carried  out  in  the  cold  and  the  precipitate  filtered  off  after  3-4  hours 
(depending  on  the  technique). 

In  those  cases  where  thallium  is  determined  in  the  presence  of  divalent  iron,  excess  chromic  oxide  is  ne¬ 
cessary  (to  oxidize  the  iron)  and  the  precautions  taken  in  the  presence  of  ferric  iron  observed,  since  the  latter  is 
formed  during  the  oxidation.  The  fact  that  satisfactory  results  are  obtained  for  determination  of  thallium  in  this 
case  indicate  that  the  simultaneous  presence  of  trivalent  chromium  will  not  interfere  with  the  quantitative  de¬ 
termination  of  thallium  either. 

As  is  evident  from  Table  2,  determination  of  thallium  as  the  dichromate  in  the  presence  of  metals  which 
are  not  precipitated  by  chromic  oxide  is  possible,  independently  of  the  concentration  of  these  metals.  The  limit 
of  the  permissible  concentration  of  the  accompanying  metals  is  determined  solely  by  the  solubility  of  their  salts 
in  sulfuric  acid  solutions.  This  fact  must  be  borne  in  mind  particularly  in  the  case  of  determination  of  thallium 
in  the  presence  of  those  metals  where  this  solubility  is  low,  e.g.,Sb^^  [6]  and  Ge^  [7]. 

Determination  of  Thallium  in  the  Presence  of  Metals  which  form  Sparingly  Soluble 
Chromates 

In  order  to  establish  the  possibility  of  determining  thallium  quantitatively  in  the  form  of  its  dichromate 


*Cu  and  In  are  only  precipitated  by  chromate  from  neutral  solutions. 
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TABLE  2 

Determination  of  Thallium  in  the  Form  of  its  Dichromate  in  the  Presence 
of  Zn,  Cd,  Fe,  Al,  Cu,  Mg,  Ni,  Co,  In,  Ga,  Ge,  Sb,  Tl^ 


Taken, g/ioo  ml  j 

Metals  present 

latio 

ri  found, 

Error, 

T1  1 

CrO,  1 

H,SO.  1 

as  sulfates,  g 

Tl:Me 

g 

mg. 

0,0810 

1 

1 

0,4  Zn 

1:5 

0,0810 

0.0 

0,0810 

1 

1 

8,1  Zn 

1:100 

0,0808 

-0,2 

0,0405 

3 

1 

8,1  Zn 

1:200 

0,0404 

-0,1 

0,0810 

1 

1 

0,54  Cd 

1:6,7 

0,0808 

—0,2 

0,0810 

1 

1 

8,1  Cd 

1:100 

0,0811 

+0,1 

0,0405 

3 

1 

8,1  Cd 

1:200 

0,0405 

0,0 

0,0810 

1 

1 

0,28  Fe'" 

1:3,5 

0,0810 

0,0 

0,0810 

1 

1 

4  Fe'" 

1:50 

0,0810 

0,0 

0,0373 

3 

1 

4  Fe‘" 

1:107 

0,0372 

-0,1 

0,0810 

2 

2 

0,37  Fe" 

1:4,6 

0,0810 

0,0 

0,0810 

1 

10 

0,16  Al 

1:2 

0,0809 

-0,1 

0,0810 

1 

1 

2 '4  Al 

1:30 

0,0808 

-0,2 

0,0373 

3 

1 

2^4  Al 

1:64 

0,0373 

0,0 

0,0810 

1 

10 

0,4  Cu" 

1:5 

0,0810 

0,0 

0,0810 

1 

1 

4  Cu" 

1:50 

0,0810 

0,0 

0,0373 

3 

1 

4  Cu" 

1:107 

0,0371 

-0,2 

0,0810 

1 

1 

0,17  Mg 

1:2 

0,0810 

0,0 

0,0810 

1 

5 

4,1  Mg 

1:50 

0,0£08 

—0,2 

0,0405 

1 

1 

4,1  Mg 

1:100 

0,0808 

-0,2 

0,0810 

1 

10 

0,19  Ni 

1:2,3 

0,0810 

0,0 

0,0810 

1 

1 

8,1  Ni 

1:100 

0,0810 

0,0 

0,0373 

3 

1 

8,1  Ni 

1:217 

0,0370 

-0,3 

0,0810 

1 

10 

0,19  Co 

1:2,3 

0,0808 

-0,2 

0,0810 

1 

1 

6  Co 

1:74 

0,0809 

—0,1 

0,0373 

3 

1 

6  Co 

1:161 

0,0373 

0,0 

0,0810 

1 

10 

0,13  In 

1:1,6 

0,0808 

-0,2 

0,0810 

1 

10 

0,1  Ga 

1:1,2 

0,0808 

-0,2 

0,0810 

1 

10 

0,07  Ge 

1:0,9 

0,0808 

-0,2 

0,0810 

1 

10 

0,02  Sb'" 

1:0,2 

0,0809 

-0,1 

0,0810 

1 

10 

0,06  Tl"' 

1:0,7 

0,0810 

o.f 

*Mean  of  several  determinations. 

in  the  presence  of  Pb,  Ag,  Bi,  Hg,  and  Ba  which  form  sparingly  soluble  chromates,  it  is  necessary  to  know  the 
solubility  of  the  chromates  of  these  metals  under  the  conditions  used  for  precipitating  TljCtjOy  [2],  The  ab¬ 
sence  of  such  data  in  the  literature  made  it  necessary  to  find  the  maximum  amounts  of  Pb,  Ag,  Bi,  Hg,  and  Ba 
which  are  not  precipitated  in  acid  solutions  by  chromic  oxide. 

Results  for  the  determination  of  thallium  as  its  dichromate  when  the  salts  of  the  metals  indicated  are 
present  separately  are  given  in  Table  4,  while  the  results  of  such  determinations  when  these  metals  are  present 
simultaneously  are  given  in  Table  5. 

The  results  obtained  show  that  direct  determination  of  thallium  by  the  dichromate  method  is  possible  in 
acid  solution  in  the  presence  of  metals  which  form  sparingly  soluble  chromates,  but  only  in  those  cases  where 
their  concentrations  do  not  exceed  certain  limiting  values.  At  higher  concentrations  of  these  metals,  results  for 
thallium  are  on  the  high  side  because  of  coprecipitation  of  their  chromates  with  thallium  dichromate,. This  error, 
as  shown  for  the  case  of  precipitation  of  thallium  in  the  presence  of  silver  (Table  4),  can  be  cut  down  somewhat 
by  decreasing  the  concentration  of  chromic  oxide  or  by  increasing  the  acid  concentration.  But,  since  a  larger 
excess  of  chromic  oxide  is  necessary  [2]  as  the  acid  concentration  is  increased,  the  results  for  thallium  depend  on 
the  ratio  of  acid  and  chromic  oxide  in  solution. 
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TABLE  3 


Determination  of  Thallium  in  the  Form  of  Its  Dichromate  when  Zn, 
Cd,  Fe,  All  Cu,  Ni,  Co,  In,  Ga,  and  Ge  are  Present  Simultaneously; 
0.0810  g  Tl,  7  g  H2SO4,  and  2  g  Cr03  taken  per  100  ml  of  solution. 


Metals  present  in  the  form 

Tl  found,  I 

Error,  mg 

of  sulfates ,  g 

g*  1 

0,4Zn  +  0,54Cd  +  0,28Fe‘”-l 
+0 ,37Fe‘  *  +0 , 16A1  1-0  /iCu” 

jo, 0809 

-0.1 

0,4Zn  +  0,54Cd  +  0,28Fe“*  4 

] 

i 

+  0,37Fe“  +  0,16A1  +  0,4Cu"|- 
4-0,19Ni  +0,I9Co4-0,05ln  -f 

lo.osio 

0,0 

f0,03Ga  +  0,07Ge 

1 

•  Mean  of  several  determinations. 


TABLE  4 

Determination  of  Thallium  as  its  Dichromate  in  the  Presence  of  Ba,  Pb,  Ag, 
Bi,  and  Hg 


Tak 

en,g/l 

00  ml 

_ _ 

Present,  g  (without  water 

Tl  found, 

Error, mg 

Tl 

CrO, 

HiSO, 

HNO, 

of  crystallization) 

g* 

0,0767 

1 

10 

0,8  BafNOa)- 

0,0766 

-0,1 

0,0767 

1 

— 

10 

0.5  The  same 

0,0766 

-0,1 

0,0767 

1 

— 

10 

0,1  *  » 

0,0765 

-0,2 

0,0767 

1 

— 

10 

0,03  Pb(N03)2 

0,0786 

H-1,9 

0,0767 

1 

— 

10 

0,02  The  same 

0,0766 

-0,1 

0,0767 

1 

— 

10 

0,01  »  * 

0,0765 

—0,2 

0,0810 

0,35 

1 

0,02  ApNOa 

0,0865 

4-5,5 

0,0810 

U  f3i) 

1 

_ 

0,01  The  same 

0,0810 

0,0 

0,0810 

1 

1 

0,02  *  » 

0,0870 

+6,0 

0,0810 

1 

10 

_ 

0,01  »  » 

0,0809 

—0,1 

0,0810 

1 

10 

0,02  »  » 

0,0852 

+4 ,2 

0,0810 

0,6 

10 

0,02  »  » 

0,0820 

4-1,0 

0,0767 

1 

— 

10 

0,01  *  » 

0,0767 

0,0 

0,0810 

1 

10 

- 

0,03  BKNOa), 

0,0823 

-1-1.3 

0,0810 

1 

10 

0,02  The  same 

0,0809 

-0.1 

0,0810 

2,3 

18 

0,05 

0,0808 

-0,2 

0,0767 

1 

— 

10 

0,02  »  » 

0.0767 

0,0 

0,0767 

1 

— 

10 

0,01  »  » 

0,0766 

-0.1 

0,0810 

1 

10 

— 

0,08  HgSO* 

0,0814 

+0,4 

0,0810 

1 

10 

— 

0,05  The  same 

0,0810 

0,0 

0,0810 

1 

10 

— 

0,01  »  » 

0,0809 

-0,1 

0,0767 

1 

— 

10 

0,05  Hg(N03)2 

0,0766 

-0,1 

0,0767 

0,0767 

1 

1 

— 

10 

10 

0,00riHc2(NO3)2 
0,003 The  same 

0,0776 

0,0766 

+0,9 

-0,1 

0,0767 

1 

- 

10 

0,002  *  » 

0,0766 

-0,1 

*Mean  of  several  determinations.  The  results  indicate  the  permissible 
concentrations  of  the  metals  present. 
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TABLE  5 

Determination  of  Thallium  as  its  Dichiomate  in  the  Simultaneous  Presence  of  Ag,  Pb, 
Bi,  Hg»  and  Ba 


Taken 

k/100 

ml 

T1 

found, 

g* 

Error, 

mg 

T1 

H,SO, 

HNO, 

AgNO. 

Pb(NO,), 

Bi(NO,>, 

Hg(NO.), 

HtSO. 

Ba(NO,), 

0,0767 

10 

0,01 

0,02 

0,02 

0,05 

0,0766 

—0,1 

0,0767 

— 

10 

0,01 

0,02 

0,02 

0,05 

— 

0,5 

0,0766 

-0,1 

0,0810 

10 

— 

0,01 

— 

0  02 

— 

0,05 

— 

0,0830 

+2,0 

0,0810 

10 

— 

0,01 

— 

0,02 

— 

0,01 

— 

0,0823 

+1.3 

0,08i0 

10 

— 

0,01 

— - 

0,02 

— 

— 

— 

0,0809 

—0,1 

0,08i0 

10 

— 

0,01 

— 

0,01 

— 

0,05 

_ 

0,0810 

0,0 

0,0810 

10 

— 

0,01 

— 

0,01 

— 

0,01 

— 

0,0809 

-0,1 

*Mean  of  several  determinations. 


TABLE  6 


Determination  of  Thallium  in  the  Presence  of 
Metals  Which  Form.and  Which  do  not  Form, 
Sparingly  Soluble  Chromates 


Simultaneously  present, 

g* 

Tl  found, 

g 

Error, 

mg 

Sulfates  1 

n  in  ! 

Zn,  cd,  Al,  cu“,  Fe  Igeaj 
Co,Ni  0.5  g  ea.| 
In,Ga,Ge  0.1  g  ea.  ; 
Sb^“  (L5  g 
Nitrates:  Ag,Bi,HgI^ 

0.1  g  ea. 

i 

I 

0,(«10 

0.0809 

;  0.0 
1-0,1 

It  is  characteristic  that  the  amount  of  bismuth 
nitrate  which  interferes  with  the  direct  determination 
of  thallium  (Table  4)  is  considerably  less  than  that 
which  it  precipitated  under  simil  ar  conditions  in  the 
absence  of  thallium.  In  the  latter  instance  the  precip¬ 
itate  only  appears  after  several  days  for  a  content  of 
approximately  0.95  g  of  Bl(NO|)|»5HjO  in  100  ml  of 
solution. 


As  is  evident  from  Table  4. the  permissible  con¬ 
centrations  of  the  metals  which  form  sparingly  soluble 
chromates  and  which  are  present  during  the  quantitative 
determination  of  thallium  as  its  dichromate,  change  in 
the  following  order :  Ba>  Bi,Pb  >Ag>Hg^.  This  sequence 
is  observed  during  precipitation  of  thallium  dichromate 
from  solutions  containing  10  g  of  acid  per  100  ml  by 
chromic  oxide,whose  concentration  amounts  to  1  g  in 
100  ml  of  the  liquid  phase.  Under  these  conditions  the 
presence  in  100  ml  of  solution  of  0.05  g  HgS04,  0.02  g 
Bl(NO,)„  0.02  g  Pb(NO,)i,  0.01  g  AgNOj,  and  0.003  g 

Hg2(NOs)2,  does  not  interfere  widi  thallium  determination.  The  concentrations  indicated  are  the  maximum  per¬ 
missible  values  under  the  given  conditions  (Table  4). 


*  Crystallization  water  is  not  included  in  the  in¬ 
dicated  amount  of  the  salts  present. 


Under  similar  conditions,  Ba(NOs)|,  apart  from  its  dependence  on  the  concentration,  does  not  affect  de¬ 
termination  of  thallium  as  its  dlchromate.  The  permissible  concentration  of  this  salt  is  determined,  in  the 
given  instance,  (Table  4),  only  by  its  solubility. 

On  changing  the  conditions  for  precipitating  thallium  dichromate,  the  limiting  permissible  concentration 
of  metals  which  are  precipitated  by  chromic  oxide  can  change  accordingly.  Thus,  the  permissible  concentration 
for  bismuth  nitrate  can  be  increased  if  the  thallium  is  determined  under  the  conditions  indicated  in  Table  4. 


These  concentration  limits ,of  course, do  not  hold  in  the  case  of  metals  which  form  sparingly  soluble  chrom¬ 
ates,  when,  under  certain  conditions,  complexing  agents  are  used  which  make  it  possible  to  keep  the  corresponding 
metals  in  solution. 

It  is  characteristic  that  the  simultaneous  presence  of  Ag,  Bi,  Hg^,  Pb.and  Ba  in  amounts  which  do  not  inter¬ 
fere  with  the  determination  of  thallium  as  its  dichromate  when  these  metals  are  present  separately,  (Table  4) 
does  not  interfere  with  this  determination  in  nitric  acid  solution  either  (Table  5),  In  sulfuric  acid  solutions,  Ag 
and  Bi  in  the  same  amounts  do  not  interfere.  However,  the  simultaneous  presence  of  Ag,  Bi,  and  Hg^  gives  high 
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results.  At  a  much  lower  Bi  concentration,  or  when  Bi  and  Hg  are  present  simultaneously,  satisfactory  results 
are  obtained  for  the  determination  of  thallium  in  the  form  of  its  dichromate  in  sulfuric  acid  solutions.  (Table  5). 

Determination  of  thallium  as  its  dichromate  in  sulfuric  acid  solutions  in  the  simultaneous  presence  of 
metals  which  form,  and  which  do  not  form.sparingly  soluble  chromates,  also  give  good  results  (Table  6), 

These  experiments  show  that  the  method  for  the  quantitative  determination  of  thallium  in  the  form  of  its 
dichromate  is,  at  the  same  time,  a  method  which  can  be  used  for  quantitative  separation  of  thallium  from  ac¬ 
companying  elements.  The  fact  that  this  complicated  problem  of  separating  thallium  from  other  metals  can  be 
solved  by  a  simple  method  involving  readily  available  materials,  means  that  the  dichromate  method  for  deter¬ 
mination  of  thallium  could  be  widely  used  for  determining  thallium  with  various  combinations  of  elements. 

Quantitative  precipitation  of  thallium  as  its  dichromate  from  acid  solutions,  combined  with  its  quantitative 
separation  from  elements  accompanying  it,  apart  from  its  uses  in  analytical  chemistry,  may  also  be  of  interest 
for  hydrometallurgical  processes  of  thallium  production  [8],  and,  presumably,  for  preparing  thallium  compounds 
of  high  purity. 


SUMMARY 

It  has  been  established  that  quantitative  determination  of  thallium  as  its  dichromate  in  acid  solutions  is, 
at  the  same  time,  a  method  for  its  quantitative  separation  from  accompanying  elements. 

It  has  been  shown  that  metals  which  do  not  form  sparingly  soluble  chromates,  in  particular  Zn,  Cd,  Al, 

Fe,  Cu,  Mg,  Co,  Ni,  Sb,  In,  Ga,  Ge,Tl^,  Cr^^,  do  not  Interfere  with  the  determination  of  thallium  as  its  di¬ 
chromate. 

Metals  forming  sparingly  soluble  chromates,  such  as  Pb,  Ag,  Bi,  and  Hg,  do  not  interfere  with  the  determina¬ 
tions  as  long  as  the  concentration  of  these  elements  does  not  exceed  certain  limiting  values;  barium  does  not 
interfere  at  any  concentration. 

It  has  been  shown  that  thallium  can  be  determined  as  its  dichromate  not  only  in  sulfuric  acid  solutions, but 
also  in  solutions  of  other  mineral  acids,  in  particular,  in  nitric  and  perchloric  acids.  The  permissible  concentra¬ 
tions  of  these  acids  have  been  established. 
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A  METHOD  FOR  THE  COMPLETE  SPECTROGRAP  HIC  ANALYSIS 
OF  MIXTURES  OF  THE  OXIDES  OF  THE  RARE  EARTH  ELEMENTS 

R.  R.  Shvanglradze 


Changes  in  chemical  composition  often  essentially  affect  the  kinetics  of  evaporation  of  samples  and  the 
excitation  of  the  spectral  lines.  In  order  to  standardize  the  evaporation  process  and  the  discharge,  a  foreign  com¬ 
ponent  is  added  in  a  large  and  always  constant  amount.  The  lines  of  the  latter  simultaneously  serve  as  reference 
lines. 

When  the  test  mixtures  consist  of  components  with  very  close  physicochemical  properties,  variations  in  the 
chemical  composition  should  not  affect  the  relative  intensities  of  the  spectral  lines  of  the  various  elements.  The 
relative  intensities  should  change  linearly  with  changes  in  relative  concentrations.  In  such  a  case  it  should  be 
possible  to  develop  a  method  for  the  complete  analysis  of  mixtures  of  various  composition,  without  resorting  to 
preliminary  dilution  of  the  samples  several  times. 

The  method  consists  essentially  of  the  following.  Standard  samples  of  known  but  varying  composition  are 
prepared.  To  these  standards  are  added  all  those  elements  which  it  is  presumed  will  be  present  in  the  samples  to 
be  analyzed.  By  choosing  as  reference  element  one  of  the  components  which  is  always  present  in  the  test  mixtures 
in  known,  though  not  constant  amounts,  it  is  possible  to  obtain  constant  calibration  curves  for  each  test  component 
Xj  within  the  coordinates:  log  Ixj/ly^  —  log  a^.  Here  A  Is  the  element  chosen  as  the  reference  element,  = 

=  100  is  the  concentration  of  the  i’th  test  component  with  respect  to  element  A  in  ^o.  The  linearity 


of  the  curves  will  demonstrate  the  independence  of  the  relative  intensities  on  the  chemical  composition.  It  is 
obvious  that 

c.,  +  c^,  +  c\,  =  100  -  Ca\ 

then 

100  (C^  +  C  +  . . .  +  Cj^  ) 

=  a,  +  +  aa  +  ,  .  .  +  a,  =  - •-  V--,-  - ^  = 

100(100  — C^) 


or 


Sa, -C^+l00C/,=  10^ 


and 


Ca  =■■  lovloo  +  i:«.. 


(1) 


Thus,  by  measuring  the  relative  intensities  of  the  chosen  analytical  pairs  of  spectral  lines,  and  by  deter¬ 
mining  by  means  of  the  calibration  curves,  the  value  of  a  for  each  component,  it  is  possible  by  means  of  formula 
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(1)  to  find  the  concentration  of  the  element  chosen  as  the  reference  element.  Knowing  the  values  of  and  C^, 
it  is  not  difficult  to  establish  the  concentration  of  each  component  Xj  of  the  mixture. 

Cxj  —  ^i'Ca/100‘  (2) 

The  method  presumes  the  existence  of  calibration  curves  for  each  component  which  is  to  be  simultaneously 
determined  in  a  mixture.  During  partial  analysis,  it  is  obvious  that  it  is  necessary  to  add  the  same  component  in 
known  and  invariably  constant  amounts. 

Favorable  conditions  for  developing  a  method  for  complete  analysis  exist  in  the  case  of  mixtures  of  the 
oxides  of  the  rare  earths,  the  physicochemical  properties  of  which  are  similar.  As  shown  in  a  number  of  papers, 
the  realtive  intensities  of  the  spectral  lines  of  the  various  rare  earths  change  very  insignificantly,  even  for  very 
sharp  changes  in  excitation  conditions  and  in  the  conditions  for  recording  the  spectra  [1-5]. 

The  independence  of  the  relative  intensities  of  the  spectral  lines  of  various  rare  earth  elements  on  the 
chemical  composition  has  been  checked  on  mixtures  of  the  oxides  of  the  cerium  subgroup.  It  has  been  experi¬ 
mentally  established  that  the  addition  to  any  binary  mixture  of  a  third,  fourth, etc. .component,  as  well  as  changes 
in  their  concentration,  even  over  very  large  limits,  have  almost  no  effect  on  the  relative  intensities  of  the  lines 
of  those  components,  the  ratio  of  whose  concentrations  remains  constant  in  the  mixtures. 


Scanning  of  the  spectrum  of  rare  earths  with  time  during  ignition  in  an  arc.  A)  With 
graphite  powder;  B)  without  graphite  powder. 


The  spectra  were  photographed  on  an  ISP -51  spectrograph  using  a  UF-84  camera.  The  oxides  were  mixed 
beforehand  with  graphite  powder  and  ignited  in  a  d.c.  arc  between  carbon  electrodes  at  a  current  strength  of 
5.5.  amp. 

The  special  part  played  by  the  graphite  powder  during  evaporation  of  the  non-conducting  rare  earth  oxides 
in  a  d.c.  arc  should  be  noted.  During  ignition  of  oxides  without  graphite  in  the  arc,  the  walls  of  the  crater  of  the 
graphite  anode  are  rapidly  burnt,  while  on  the  anode  there  is  formed  a  drop  of  the  molten  material,  the  tempera¬ 
ture  of  which  is  not  constant  because  of  its  ready  access  to  atmospheric  gases,  and  because  of  the  difficulty 
of  regulating  the  inter -electrode  distance  as  a  result  of  rapid  changes  in  it.  The  intensity  of  the  lines  after  the 
first  45-60  seconds  is  very  low  (the  time  of  intense  charring  of  the  walls  of  the  anode  crater).  After  the  crater  has 
been  completely  destroyed,  the  rare  earths  start  to  evaporate,  and  their  spectra  appear.  This  process,  however, 
does  not  last  long;  because  there  is  no  crater  in  the  anode, the  drop  falls  off. 

After  mixing  the  oxides  with  graphite  the  anode  crater  burns  out  considerably  slower,  and  a  high  and  com¬ 
paratively  stable  temperature  is  established  which  ensures  an  almost  constant  intensity  of  the  spectra  during  the 
time  of  complete  burning  of  the  sample.  The  reproducibility  of  the  intensities  essentially  improves. 

The  spectrograms  obtained  during  scanning  of  the  arc  radiation  with  time  are  shown  in  the  diagram.  The 
group  of  successive  spectra  designated  by  A  relate  to  mixtures  of  the  oxides  with  graphite  powder  in  the  propor¬ 
tion  of  1:1,  while  the  group  designated  by  B  relate  to  mixtures  which  do  not  contain  graphite.  During  this  scan¬ 
ning  the  casettewas  moved  every  10  seconds. 

As  is  evident  from  the  diagram,  mixing  of  the  rare  earth  oxides  with  graphite  powder  is  not  only  desirable, 
but  essential.  On  mixing  the  oxides  with  graphite  powder,  the  intensity  of  the  cyanide  bands  which  interfere  drops 
essentially. 
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Ce,  Nd,  Sm,  and  Y  are  often  present  in  appreciable  amounts  in  rare  earth  concentrates  isolated  from  ores 
and  minerals.  Accordingly,  one  of  these  elements  is  chosen  as  the  reference  element  in  individual  cases. 

In  order  to  construct  calibration  curves,  synthetic  standards  were  prepared  in  which  the  concentration  of  the 
reference  element  varied  from  10  to  70-90%,  while  the  concentration  of  the  test  elements  varied  from  0.3 -0.5  to 
50-60%.  The  standards  were  diluted  beforehand  with  graphite  powder  in  the  proportion  of  1:9.  Such  a  dilution 
essentially  simplifies  the  spectra  of  the  rare  earths  which  are  exceedingly  rich  in  lines,  a  large  number  of  weak 
lines  disappear,  and  the  most  intense  lines  become  suitable  for  analysis;  the  background  in  the  spectra  reduces 
almost  to  zero. 

Calibration  curves  for  analysis  of  mixtures  of  the  cerium  subgroup  were  constructed  using  Ce  or  Nd  as  ref¬ 
erence  element,  while  for  the  analysis  of  complex  mixtures  containing  almost  all  the  rare  earths,  the  reference 
elements  used  were  Sm  or  Y.  All  the  curves  obtained  were  linear;  they  can  therefore  be  represented  by  a  general 
formula  of  the  type 

log  =  log  a*i  +  1/0  (logIxi/lA).  (3) 

where  a.^  is  the  desired  ratio  of  the  concentration  of  the  i’th  component  to  the  concentration  of  the  reference 
element  A  (in%  ),  a{  is  the  same  ratio  when  the  intensities  of  the  analytical  line  of  the  test  element  and  that 
of  the  reference  line  are  equal— log  =  0*  ^  is  th®  tangent  of  the  angle  formed  by  the  straight  line  and 

the  abscissa. 

After  determining  the  value  of  from  the  calibration  curves  or  from  formula  (3),  the  concentration  of 
the  reference  element  C^  can  be  determined  by  means  of  equation  (1),  while  the  concentration  of  each  of  the 
remaining  elements  can  be  determined  by  means  of  equation  (2). 

The  analytical  pairs  of  lines,  the  test  concentration  ranges,  and  the  values  of  the  parameters  of  the  calibra¬ 
tion  curves  aj  and0  for  the  analysis  of  various  mixtures  are  given  in  Tables  1,  2,  3,  and  4. 


TABLE  1 

Analysis  of  Mixtures  of  Ce -Subgroup  Elements  Using  Ce  as 
Reference  Element 


Test  com¬ 
pound 

Analytical  pairs  of 
lines 

Test  concen 
tration 
range,  % 

(■  - 

a' 

P 

L3n03 

La  3988, 5/Ce  3984,6 

0,5—15 

5.7 

0,97 

Nd-Ai 

Nd  3951,2/Ce  3938,1 

1.0-  40 

12,5 

0.89 

Nd-A 

Nd  4446. 4/Ce  4416,9 

1 ,0-30 

10,0 

0,90 

SmA 

Sm  4434,3  Ce  4416,9 

0,5—10 

4.9 

0,96 

Sm203 

Sm  4478, 6/Ce  4416,9 

1,0-30 

15,0 

0,93 

Sm^Oj 

Sm  3922, 4/Ce  3895,1 

2,0—40 

24,0 

0,94 

ProOii 

Pr  4056, 5/Ce  4053,5 

2,0-40 

24,0 

0,94 

Knowing  a!  and  0  it  is  not  difficult  to  reproduce  a  linear  calibration  curve.  It  should  however,  be 
pointed  out  that  the  lines  can  vary  somewhat  depending  on  experimental  conditions  and  the  apparatus  used. 
Accordingly,  in  order  to  achieve  high  accuracy  they  should  be  determined  on  the  basis  of  special  standard  sam¬ 
ples.  ' 

The  analytical  results  are  reproduced  with  an  accuracy  of  ±  2-4%  relative,  with  the  exception  of  analyt¬ 
ical  pairs  of  lines,  in  which  samarium  lines  are  present.  In  these  cases  the  mean  arithmetic  error  increases  to 
±  7-8%.  The  reason  for  this  has  been  given  before  [6]. 

The  complete  analysis  method  was  compared  in  actual  practice  with  the  method  of  adding  a  standardizing 
compound  (internal  standard),  in  particular  Ce02.  to  the  samples  [1,2]. 
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T  ABLE  2 

Analysis  of  Mixtures  of  Ce-  Subgroup  Elements  using  Nd  as 
Reference  Element 


Test  com¬ 
pound 

Analytical  pairs 
of  lines 

Test  con¬ 
centration 
range, % 

o' 

P 

La  4338,4/Nd  4235,2 

0,5-20 

5,9 

0,96 

LaoOs 

La  4238,4/Nd  4232,4 

3,0-50 

25,0 

1,05 

Pr«Ou 

Pr  4223,0/Nd  4235.0 

0,5—20 

6,3 

0,99 

PteOii 

Pr  4223,0/Nd  4232,4 

4,0-55 

31,0 

1,06 

Sni203 

Sm  4424,4/Nd  4456,0 

0,5—20 

7,5 

0,98 

Sm203 

Sm  4434,3/Nd  4456,0 

2,0-40 

12,5 

0,95 

TABLE  3 

Analysis  of  Mixtures  of  Rare  Earth  Oxides  Using  Sm  as  the  Reference  Element 


Test  com- 

pound 

Analytical  pairs  of  lines 

Test  con- 
centrat^n 

a' 

P 

range, % 

Lai03 

La  3938, 5/Sm  3993,3 

0,5—40 

9,7 

0,99 

PreOii 

Pr  4(X)8,7/Sm  4006,6 

1,0-40 

11,0 

0,97 

Pr  rOjj 

Pr  3908, 0/Sm  3903,4 

3,0—50 

19,3 

0,95 

Nd,03 

Nd  4012, 3/Sm  4006,6 

0,.5-40 

3,9 

0,94 

EU2O3 

Eu  3930, 5/Sm  3928,4 

0,3-30 

6,8 

0.94 

GdnOg 

Gd  4043, 7/Sm  4(M)8,3 

1,0—50 

40,0 

0,98 

DyjOs 

Dy  3899, 5/Sm  3903,4 

1,0—50 

29,0 

0,97 

Dy203 

Dy  3978, 5/Sm  3970,5 

0,5-40 

29,0 

0,97 

Dy203 

Dy  3914, 7/Sm  3916,4 

0,3—30 

6,8 

0,94 

H02O3 

Ho  4045, 5/Sm  4041,7 

0,5—40 

5,5 

1,01 

Ho-O, 

Ho  3891,0/Sm  3903,4 

1,0—40 

11,0 

0,97 

Er208 

Er  3906, 3/Sm  3903,4 

3,0-50 

70,0 

0,92 

£*"203 

Er  3506, 3/Sm  3891.1 

1,0-30 

13,8 

0,98 

TboOg 

Tb  3899, 2/Sm  3903,4 

1,0—40 

23,5 

0,95 

Tu.Os 

Tu  4242, 2/Sm  4249,5 

0,5—25 

8,7 

1,00 

Y2O3 

Y  3982, 6/Sm  3970,3 

0,3-30 

8,7 

0,33 

Y2O3 

Y  4039, 8/Sm  4041,7 

3,0-50 

47,0 

0,97 

A  comparison  of  the  results  obtained  by  both  these  methods  for  mixtures  which  had  been  subjected  to 
chemical  methods  of  separation,  showed  that  the  complete  analysis  method  gives  the  higher  accuracy.  In  the 
case  of  the  method  of  adding  a  reference  element,  to  the  errors  arising  during  the  spectroanalytical  process 
there  is  added  the  errors  implicit  in  preliminary  preparation  of  the  samples  for  analysis.  The  most  important 
sources  of  the  latter  kind  of  error  are  the  calcination  of  both  the  test  preparations  and  the  internal  standard  to 
a  constant  weight,  the  difficulty  of  accurate  weighing  of  small  amounts  and  mixing  them  to  give  uniform 
distribution.  Uniform  distribution  can  only  be  reliably  achieved  by  mixing  the  test  sample  with  the  internal 
standard  in  the  form  of  solutions.  These  fairly  difficult  operations  are  automatically  excluded  when  the 
complete  analysis  method  is  adopted.  In  addition,  on  adding  a  large  amount  of  Ce  to  a  sample,  the  spec¬ 
trum  becomes  even  more  complicated,  and  it  becomes  necessary  to  use  apparatus  with  a  very  high  dispersion; 
on  the  other  hand,  dilution  of  the  samples  with  graphite  powder  in  the  complete  analysis  method  significantly 
simplifies  the  spectra  of  the  test  mixtures. 
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TABLE  4 


Analysis  of  Mixtures  of  Rare  Earth  Oxides  Using  Y  as  the  Reference  Element 


Test  com¬ 
pound 

Analytical  pairs  of  lines 

Test  con¬ 
centration 
range,  % 

■ 

P 

CeOj 

Ce  4222, 6/Y  4251,2 

1,0-30 

20,0 

1,00 

La  {03 

La  3988, 5/Y  3951,6 

0,3—10 

2.0 

1,16 

LaiOa 

La  4238, 4/ Y  4224,3 

0,3—10 

1,8 

1  1.15 

Pr  3908, 0/Y  3930,1 

0,5-15 

4,0 

1  1.15 

Pr«Ou 

Pr  4423, 0/Y  4224,3 

0,3-10 

2,0 

1,30 

Nd,0, 

Nd  3951, 2/Y  3951,6 

0,5-20 

9,5 

1,04 

Nd.O, 

Nd  4012, 2/Y  4039,8 

1,0-30 

20.0 

1,00 

SnijOs 

Sm  4434,3, Y  4443,6 

0,5-20 

6,0 

1,00 

SnijOa 

Sm  3963, 0/Y  3951,6 

1,0-30 

13,0 

1,08 

GdjOa 

Gd  4262, 1/Y  4251,2 

2,5—40 

34,0 

1,15 

GdQOa 

Gd  4327, 1/Y  4357,7 

0,3-15 

6,5 

0,95 

DyjOs 

Dy  3931, 5/Y  3930,1 

0,5—20 

9,6 

0,96 

HojOs 

Ho  4254, 4/Y  4251,2 

1,0-30 

42,0 

0,97 

HO0O3 

Ho  4254, 4/Y  4224,3 

0,3-10 

6,8 

7,02 

EfjOs 

Er  4008, 0/Y  4039,8 

2,5—50 

100,0 

0,90 

ErcO, 

Er  3906, 3/ Y  3930,1 

2,0-10 

14,4 

0,90 

Tb^Oa 

Tb  3899,2  Y  3957,6 

1,0-30 

10,5 

0,93 

TbjOa 

Tb  4326, 5/Y  4357,7 

0,3—10 

2,9 

1,03 

TujOa 

Tu  4242, 2/Y  4251,2 

1,0—25 

21,0 

0,96 

TujOa 

Tu  4242, 2/Y  4224,3 

0,2-10 

2.9 

1,02 

SUMMARY 

A  method  is  suggested  for  the  complete  spectrographic  analysis  of  mixtures  containing  commensurable  con¬ 
centrations  of  components  whose  physicochemical  properties  are  similar. 

During  a  comparison  of  the  complete  analysis  method  with  the  method  in  which  an  internal  standard  is 
added  to  the  test  mixture,  it  has  been  shown  that  in  the  case  of  mixtures  of  rare  earth  oxides  the  first  technique 
gives  more  accurate  results. 
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THE  ANALYTICAL  CHEMISTRY  OF  THORIUM 


COMMUNICATION  1.  COMPLEXONOMETRIC  DETERMINATION 
OF  THORIUM  IN  MONAZITE  CONCENTRATES 


Yu.A.Chernikhov,  V.F.Luk’yanov,  and  A. B. Kozlova 


Of  the  tltrimetric  methods  of  determining  thorium,  prior  to  the  introduction  of  complexons,  there  were 
only  a  few  indirect  methods  [1-6]  based  on  titration  of  the  anion.  These  methods  have  disadvantages  which  are 
common  to  all  indirect  methods  (the  non -stoichiometric  relation  between  cations  and  anions  caused  by  forma¬ 
tion  of  basic  or  acid  salts,  and  by  coprecipitation  of  foreign  ions  and  by  other  causes).  A  more  complete  list  of 
titrimetric  and  other  methods  for  determining  thorium  can  be  found  in  reviews  [7,8]. 

Complexonometric  determination  of  thorium  Is  a  direct  method,  and  is  free  from  many  of  the  disadvantages 
inherent  in  the  indirect  methods.  In  solution  at  pH  about  3,  thorium  forms  with  Complexon  in  a  soluble,  color¬ 
less  and  stable  complex  with  an  instability  constant  of  10"®**  [9].  In  this  compound  one  atom  of  thorium 
corresponds  to  one  anion  of  Complexon  TTT. 

Alizarin  S  [11],  chromazurol  S  [12],  carminic  acid  [12],  thoron  [11],  murexide  [11],  pyrocatechol  violet 
[13],  chromotrope  10  B,  [9]  etc.Jiave  been  used  as  indicators  for  thorium. 

During  the  determination  of  thorium  in  monazltes,  the  most  difficult  and  prolonged  operation  is  the  separa  - 
tion  of  thorium  from  rare  earths  and  from  phosphorus.  For  this  purpose,  wide  use  is  made  of  methods  based  on 
precipitating  thorium  from  strongly  acid  solutions.  Under  these  conditions  the  solubilities  of  the  corresponding 
compounds  of  thorium  and  the  rare  earths  differ  most  from  each  other,  while  adsorption  of  foreign  elements  is 
reduced  to  a  minimum.  The  method  of  extracting  with  mesityl  oxide  suggested  by  Leviene  and  Grimaldi  [10] 
is  very  effective,  since  it  is  possible  to  separate  thorium  from  most  of  the  interfering  elements  in  one  operation, 
including  separation  from  fluoride  and  phosphate  ions.  However,  in  addition  to  thorium,  a  considerable  part  of 
the  uranium,  vanadium,  and  zirconium  is  extracted  and  this  requires  additional  purification. 

Precipitation  by  the  technique  of  "in  situ  nascendi"  reagents  is  much  better  than  the  usual  method  in  that 
the  precipitates  obtained  by  the  former  method  are  denser,  more  crystalline,  and  purer  [14],  while  co- 
precipitation  is  considerably  weaker.  Diethyl  or  dimethyl  oxalate  is  used  for  precipitating  the  oxalates  of  thor¬ 
ium  and  the  rare  earths.  The  following  technique  [15]  has  been  suggested  for  precipitating  thorium  iodate  by 
the  method  of  "in  situ  nascendi"  reagents.  To  the  test  solution  is  added  a  solution  of  potassium  (or  sodium) 
metaperiodate  and  ethylene  glycol  monoacetate  HO-CH2"CH2-CX)C-CH3.  The  latter  hydrolyzes  to  form  ethylene 
glycol  which  reacts  with  periodate  in  an  acid  solution  according  to  the  equation: 

HO-CHj— CH8-0H+HI04  2HCHO  -|-  H2O  +HIO3 

Ethylene  glycol  monoacetate  can  be  replaced  by  other  reducing  agents  such  as  glycerol,  saccharose,  and  ethylene 
glycol.  It  has  been  established  that  reduction  of  potassium  periodate  by  glycerol  is  too  rapid  ;  this  means  that 
the  precipitation  reaction  would  not  be  slow  enough,  and,  consequently,  separation  of  thorium  from  the  rare 
earths  would  not  be  so  complete.  On  using  saccharose,  and  also  on  adding  ethylene  glycol  in  small  portion8,the 
reaction  proceeds  slowly,  and  precipitation  starts  3-5  minutes  after  addition  of  the  reagent. 

For  determination  of  thorium  in  monazite  concentrates,  a  method  which  is  a  combination  of  precipitation 
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of  the  iodates  and  oxalates  by  the  method  of  "in  situ  nascendi"  reagents  can  be  successfully  used.  This  leads 
to  the  possibility  of  rapidly  and  completely  separating  thorium  from  elements  which  accompany  it  and  interfere 
with  its  determination  (rare  earths,  Zr.  Fe,  Ti,  P,  etc.). Using  labeled  atoms  it  has  been  established  that  during 
precipitation  of  the  iodates  by  the  method  of  "in  situ  nascendi"  reagents,  thorium  is  completely  separated  from 
the  rare  earths,  and,  in  addition,  from  a  considerable  part  of  the  phosphorus.  Precipitation  of  the  oxalates  by  the 
method. of  "in  situ  nascendi"  reagents  completely  separates  thorium  from  zirconium,  titanium,  iron,  and  phos¬ 
phate  Ions.  Such  a  method  of  separating  thorium  from  accompanying  elements  makes  it  possible  to  use  complexo- 
nometric  titration. 

TABLE  1 


Indicator 

pH  of 
solution 

tefion 

Complexon 
used,  ml 

Th,  found. 

Uranon 

2,40 

12,75* 

5,95 

2,40 

12,80* 

5,98 

Alizarin  S 

2,50 

12, '65** 

5,93 

2,50 

12,65** 

5,98 

Pyrocatechol 

2,50 

12,60*** 

5,99 

violet 

2,50 

12,60*** 

5,99 

•Normality  of  the  complexon  with  respect  to  thorium  using 
uranon  as  indicator  was  0.00467. 

•  •  Normality  of  the  complexon  with  respect  to  thorium 
using  alizarin  S  as  indicator  was  0.00473. 

•  •  •Normality  of  the  complexon  with  respect  to  thorium 
using  pyrocatechol  violet  as  indicator  was  0.00475. 


t  The  reagent  uranon  (arsenazo)^  is  a  good  Indicator  for  the  complexonometric  determination  of  thorium  . 

In  solutions  with  a  pH  of  2-4,  uranon,  which  gives  the  solution  a  rose  color,  gives  with  thorium  ions  a  lilac 
colored  complex.  During  titration  with  Complexon  m,  the  lilac  color  changes  sharply  to  rose  at  the  equivalence 
point.  Uranon  has  the  advantage  over  alizarin  S,  which  has  been  suggested  earlier,  in  that  the  color  change 
has  more  contrast,  and  the  influence  of  the  rare  earths  on  the  endpoint  is  less  pronounced(the  rare  earths  tend  to 
make  the  color  change  at  the  equivalence  point  more  diffuse). 

Pyrocatechol  violet,  which  we  synthesized  according  to  Vodak's  method  [16]  gave  satisfactory  results; 
however,  the  color  change  (from  blue  to  yellow)  during  titration  of  thorium  with  complexon  is  not  so  sharp  as 
when  uranon  is  used  as  the  indicator.  The  rare  earths  do  not  interfere  during  titration  of  thorium  when  pyro¬ 
catechol  violet  is  used  as  indicator.  Phosphate  ions,  even  in  small  amounts  interfere  during  titration  of  thorium 
whatever  indicator  is  used. 

Table  1  contains  results  for  the  determination  of  thorium  in  a  sample  of  a  monazite  concentrate  when 
all  three  indicators  are  used.  The  satisfactory  agreement  between  the  results  means  that  any  of  these  three 
indicators  can  be  used,  but,  in  view  of  its  greater  color  change  contrast  ,  uranon  is  more  convenient. 

Determination  of  thorium  in  monazite  concentrates.  The  test  sample  (20  g)  was  decomposed  with  sul¬ 
furic  acid  by  the  usual  method  [17].  After  leaching  out  the  sulfate  with  ice  water  (500-700  ml),  the  solution, 
without  filtering  it  free  from  insoluble  residue,  was  transferred  to  a  1  liter  standard  flask;  after  the  solution  had 
attained  room  temperature  its  volume  was  made  up  to  the  mark  with  water.  Part  of  this  solution  was  filtered 
for  analysis,  and  50  ml  of  it  pipetted  into  a  600  ml  bearer.  To  this  solution  was  added  140  ml  of  potassium 
(or  sodium)  periodate  solution  containing  10  g  of  KIO4,  40  ml  of  concentrated  HNO3,  and  100  ml  of  H2O  (for 
each  sample);  to  this  solution  was  then  added  with  stirring  50  ml  of  127o  saccharose  solution  (in  two  lots  of  25 
ml  after  an  interval  of  30  minutes).  The  precipitate  was  filtered  through  a  filter  (blue  band)  and  washed  6-7 
times  with  wash  liquor  containing  8  g  of  KIO3  , 100  ml  of  concentrated  HNO3,  and  900  ml  of  H^.  The  pre¬ 
cipitate  was  dissolved  on  the  filter  in  hydrochloric  acid  (1:1)  with  sodium  sulfite.  The  filter  was  washed  several 

•For  the  synthesis  of  the  indicator  see  J.  Anal.  Chem.  7,  231  (1952). 
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times  with  water  (the  volume  should  not  exceed  75-100  ml).  To  the  solution  was  added  sodium  sulfite  (solid) 
until  the  solution  was  decolorized. 


TABLE  2 


Sam¬ 

ple 

Paral¬ 

lel 

ali¬ 

quots 

pH  of 
solution 
before  ti¬ 
tration 

Com¬ 

plexon 

used.ml 

Th  found 
in  7o  by 
complex¬ 
on  meth  - 
od  1 

Mean 

results, 

% 

Deviatior 
from  the 
mean 
^absolute 

%) 

Th  found 
by  gravi¬ 
metric 
method, 

% 

Mean 

result, 

% 

Deviation 
from  the 
mean  (ab¬ 
solute  70) 

P-1 

I 

2,50 

13,10 

6,12 

-f0,06 

2,50 

12,95 

6,05 

6,06 

—0,01 

6,22 

6,17 

+0,05 

2,40 

12,90 

6,03 

—0,03 

6,12 

-0,05 

P-1 

II 

2,50 

12,80 

5,99 

6,03 

—0,04 

6,11 

+0.02 

2,50 

13,00 

6,07 

+0,04 

6,10 

6,09 

+0,01 

H-l 

I 

2,50 

15,12 

7,06 

+0,06 

6,07 

-0,02 

2,40 

14,95 

6,98 

7,00 

—0,02 

6,93 

-0,01 

2,40 

14,90 

6,96 

. 

-0,04 

6,95 

6,94 

+0,01 

H-1 

II 

2,50 

15,12 

7,06 

+0,06 

6,93 

+0,03 

2,40 

14,95 

6,98 

7,00 

-0,02 

6,90 

2,40 

14,90 

6,96 

-0,04 

6,87 

—0,03 

H-2 

I 

2,50 

15,20 

7,10 

+0,01 

7,15 

0,00 

2,50 

15,20 

7,10 

7,09 

+0,01 

7,20 

7,15 

+0,05 

2,50 

15,15 

7,07 

—0,02 

7,10 

—0,05 

2,50 

15,15 

7,07 

-0,02 

7,10 

—0,01 

H-2 

II 

2,50 

15,20 

7,10 

7,09 

+0,01 

7,21 

7,11 

+0,10 

2,50 

15,20 

7,10 

+0.01 

7,03 

—0,08 

2,50 

15,75 

7,35 

-0,01 

7,40 

+0,04 

0-1 

I 

2,50 

15,80 

7,38 

7,36 

+0,02 

7,35 

7,36 

-0,01 

2,50 

15,75 

7,35 

-0,01 

7,32 

-0,04 

0-1 

II 

2,40 

15,75 

7,35 

-0,01 

t 

2,50 

15,75 

7,35  • 

7,36 

—0,01 

1  7,44 

7,44 

0,00 

2,40 

15,80 

7,38 

+0,02 

1  7,44 

0,00 

K-1 

I 

2,50 

11,45 

5,35 

-0,01 

! 

2,50 

11,50 

5,37 

5,36 

+0,01 

i  5,37 

1  5,39 

-0,02 

2,50 

11,40 

5,35 

-0,01 

!  5,41 

+0.02 

K-1 

II 

2,40 

11,50 

5,37 

+0.01 

!  5,42 

j 

+0,01 

2,55 

11,50 

5,37 

5,36 

+0,01 

1  5,40 

5,41 

—0,01 

2,50 

11,45 

5,35 

i 

-0,01 

i 

1 

' 

The  solution  was  neutralized  with  ammonia  (1:1)  until  a  weak  turbidity  developed  10  ml  of  concentrated 
HCl  was  added,  followed  by  100  ml  H2O  and  7  g  of  dimethyl  oxalate.  The  solution  was  heated,  while  stirring, 
to  60-70”  on  a  hot  plate,  and  after  the  solution  had  become  turbid  it  was  transferred  to  a  warm  sand  bath.  After 
not  less  than  30  minutes,  4  g  of  oxalic  acid  dissolved  in  200  ml  of  water  was  added,  and  the  whole  left  to  stand 
for  1-2  hours  (better  still tovernight).  The  solution  which  had  cooled  to  room  temperature  was  filtered  (blue  band) 
and  washed  6-7  times  with  a  270  oxalic  acid  solution  containing  40  ml  of  concentrated  HCl  per  liter.  The  pre¬ 
cipitate  was  washed  off  the  folded  filter  paper  with  hot  water,  and  the  filter  washed  several  times  with  hot  nitric 
acid  and  finally  with  water.  The  solution  plus  precipitate  was  evaporated  to  a  small  volume  and  15-20  ml  of 
aqua  regia  added.  The  solution  was  evaporated  down  to  5-10  ml  and  the  operation  repeated  2-3  times.  The 
beaker  was  transferred  onto  the  sand  bath  and  10  ml  of  perchloric  acid  added;  the  solution  was  then  evaporated 
until  the  moist  salts  were  formed.  After  cooling,  100  ml  of  water  was  added,  and  the  pH  of  the  solution  adjusted 
with  ammonia  to  2.4-2,6  using  a-dinitrophenol  as  indicator. 

To  the  solution  was  added  1-2  drops  of  a  l7o  alcoholic  solution  of  the  indicator  and  the  solution  then 
neutralized  by  addition  of  ammonia  (1:1)  until  a  weak  yellow  color  appeared;  this  color  was  then  removed  by 
addition  of  1-2  drops  of  hydrochloric  acid  (l:l)(the  pH  can  also  be  measured  by  means  of  a  LP-5-meter).  5  drops 
of  a  l7o  aqueous  solution  of  uranon  was  added  and  the  solution  titrated  with  0.03  M  Complexon  m  until  the  lilac 
color  changed  to  rose.  The  Complexon  in  is  best  standardized  against  an  accurately  prepared  solution  of  thorium 
nitrate. 
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Table  2  contains  the  results  for  determination  of  thorium  in  a  number  of  monazlte  concentrates  from 
various  deposits .  For  comparison,  results  obtained  by  the  classical  iodate  method  with  a  gravimetric  finish  are 
also  included. 

It  is  evident  from  these  results  that  the  complexonometric  titration  method  is  accurate  enough;  the  error 
of  the  method  is  ±  0.04 ^  absolute  for  thorium  contents  of  b-1%  in  addition,  this  techlnque  permits  the  time 
taken  for  an  analysis  to  be  shortened  apprecia  bly, 

SUMMARY 

A  method  is  suggested  for  the  complexonometric  titration  of  thorium  in  monazlte  concentrates,  after 
separation  of  the  thorium  from  accompanying  elements  by  precipitating  it  in  the  form  of  the  iodate  and  the 
oxalate  by  the  method  of  “in  situ  nascendi"reagents.  Thorium  is  titrated  with  Complexon  III  using  uranon  as 
indicator. 

The  method  has  been  tried  out  on  various  samples  of  monazlte  concentrates.  The  accuracy  of  the  method 
is  0.04%  absolute  for  thorium  contents  of  5-7%. 
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COPRECIPITATION  OF  ZIRCONIUM  WITH  TRIVALENT  CERIUM 
OXALATE  OBTAINED  BY  THE  METHOD  OF  "IN  SITU  NASCENDI" 
REAGENTS 


V.P.  Shvedov,  N.A.  Pavlova, and  M.I.  Bulatov 
Lensovet  Leningrad  Technological  Institute 


For  fractional  precipitation  of  the  oxalates  of  the  rare  earths,  some  authors  [1-4]  use  dimethyl-  and 
diethyl  oxalates,  which  on  heating  gradually  decompose  to  liberate  C2P4*"  ions.  Zirconium  often  occurs  in 
many  of  the  rare  earth  minerals  [5],  so  that  in  separating  the  rate  earths  the  presence  of  zirconium  must  be 
taken  into  account.  According  to  published  data  [6],  zirconium  gives  complexes  with  four,  six,  or  eight  oxalate 
ions,  formation  of  the  first  complex  being  accompanied  by  dissolution  of  the  precipitate  of  Zr  (C204)2. 

Trapping  of  zirconium  may  occur  during  precipitation  of  cerium  oxalate  as  a  result  of  coprecipitation. 

The  aim  of  the  work  described  here  was  to  study  the  coprecipitation  of  zirconium  with  trivalent  cerium  oxalate 
obtained  by  the  method  of  "in  situ  nascendi"  reagents.  A  solution  of  anhydrous  oxalic  acid  in  absolute  meth¬ 
anol  [7]  was  used  as  a  source  of  oxalate  ions. 

All  experiments  were  carried  out  with  the  radioactive  indicators  Zr**  and  Ce*^^.  Separation  of  the  daughter 
element  Nb®*  from  Zr®®  was  achieved  as  it  accumulated  by  adsorption  on  MnOj  from  10  N  HNOs  [8].  The 
radiometric  purity  of  the  indicators  was  checked  by  the  method  of  Harley  and  Hallden  [9].  The  volume  of 
solution  was  controlled  by  weighing  on  a  microbalance.  That  part  of  the  solution  which  remained  on  the  pre¬ 
cipitate  after  centrifuging  and  pouring  off  the  liquid  was  also  determined  by  weighing.  The  temperature  was 
kept  constant  to  within  ±  0.05*  by  means  of  a  water  thermostat  during  the  time  of  the  experiments.  Stirring 
was  carried  out  with  a  mechanical  stirrer  operating  at  the  rate  of  450-500  revolution^ minute. 

The  amount  of  zirconium  coprecipitated  was  determined  from  the  change  in  activity  of  the  liquid  phase 
before  and  after  precipitation;  in  a  number  of  instances  the  activity  of  the  solid  phase  was  also  measured,  correc¬ 
tions  being  applied  for  the  fact  that  the  precipitate  was  moistened  by  solution. 


TABLE  1 


Solubility,  g/lOO  g 

HN03, 

of  solution 

N 

our 

results 

Sarver's 

results 

0.1 

0,0130 

_ 

0,25 

0,0354 

0,0355 

0,5 

0,1035 

— 

1.0 

0.248 

— 

1.5 

0,274 

— 

2,0 

0,0703 

0,6808 

First  of  all,  the  solubility  of  cerium  oxalate  was  determined  at  25* 
in  nitric  acid  solutions  of  varying  concentration.  The  results  obtained, 
in  the  main,  coincide  with  results  obtained  by  Sarver  [10],  who  deter¬ 
mined  the  solubility  of  oxalates  in  various  acids  by  other  methods. 

Since  the  solubility  of  cerium  oxalate  decreases  with  decreasing 
HNO3  concentration,  in  order  to  ensure  the  most  complete  precipitation 
of  cerium,  the  minimum  concentration  of  HN08  was  chosen  which  was 
still  sufficient  to  prevent  formation  of  colloidal  particles  capable  of 
contaminating  the  precipitate  [11].  Accordingly,  in  subsequent  experi¬ 
ments,  unless  otherwise  stated,  cerium  was  precipitated  in  0.15  N  HNO3. 


In  order  to  establish  the  optimum  conditions  for  precipitating  cerium  with  methyl  oxalte,  a  series  of 
experiments  was  carried  out  at  20,  30,  and  40*.  In  these  and  subsequent  experiments.a  cerium  nitrate  solution 
containing  13.2  g/liter,  and  a  solution  of  methyl  oxalate  (anhydrous  H2C2Q4  in  absolute  CH3OH)  containing 
135  g  C2O4*”  per  liter  were  used. 


The  amount  of  methyl  oxalate  added  in  each  experiment  was  1  ml;  cerium  nitrate  was  added  to  the 
solution  in  the  same  amount,  this  corresponded  to  25.61  mg  of  cerium  oxalate.  The  total  volume  of  solution 
in  each  experiment  was  25  ml. 

The  curves  obtained  (diagram)  show  that  the  rate  of  precipitation  of  cerium  oxalate,  which  is  proportional 
to  the  rate  at  which  the  methyl  oxalate  decomposes,  depends  on  the  temperature  and  the  time  for  which  the 
solution  is  stirred.  The  nature  of  the  curves  indicate  that  precipitation  is  gradual  and  most  uniform  at  30*. Sub¬ 
sequent  experiments  were  therefore  carried  out  at  30*. 

During  studies  of  the  nature  of  coprecipitation,  all  the  experiments  —  with  certain  exceptions  —  were  car¬ 
ried  out  at  constant  volume  (25  ml),  acidity  (0.15  N  HNOj),  and  temperature  (30°).  The  zirconium  concentra¬ 
tion  of  the  solution  was  about  10-11  g/ liter.  The  amount  of  methyl  oxalate  was  four  times  the  amount  neces¬ 
sary  for  precipitating  the  cerium. 

The  experimental  results  (Table  2)  show  that  on  reprecipit¬ 
ating  twice,  a  large  part  of  the  zirconium  trapped  in  liberated, 
and  only  about  7%  of  the  total  amount  remains  in  the  precipitate; 
this  shows  that  the  coprecipitation  is  adsorptive  in  character. 

The  effect  of  the  overcharge  of  the  surface  layer  was  studied 
by  adding  to  a  precipitate  of  cerium  oxalate  prepared  beforehand, 
a  zirconium  solution  (10-11  g/liter)and  a  saturated  solution  of 
cerium  oxalate. 

It  follows  form  the  results  given  in  Table  3  that  the  order  in 
which  the  solutions  are  added  to  the  precipitate  essentially  af¬ 
fects  the  coprecipitation.  The  amount  of  zirconium  coprecipit- 
ated  increases  significantly  when  zirconium  is  added  to  the  cerium 
precipitate. 


TABLE  2 


Precipitation 


Without  recrystal 
lization 


One  reprecipitation 


Two  reprecipitations 


Duration  . 
of  stirring 
of  solu¬ 
tion, hr 


3,5 

3,5 

1,0 

1,0 

1.0 

1,0 


Amt.of  cerium 
oxalate  ppt. 


mg 

25,35  98,9 

25,35  98,9 

Mean  value 
25,09  I  97,9 

25,09  I  97,9 

Mean  value 
24,83  I  96.9 

24,80  I  96.9 

Mean  value 


Amt.of 
zirconium 
coprecipi- 
tafed,  % 


57.3 
55,0 
56,1 
16.5 

20.4 

18.5 
4.2 
8,8 
7,0 


In  all  probability,  on  direct  addition  of  a  zirconium  solution  to  a  negatively  charged  precipitate  of 
Ce2(C204)j,  there  occurs  adsorption  of  positive  complex  Zr  ions  [12].  Subsequent  addition  of  Ce*  ions  leads, 
apparently,  to  replacement  of  only  some  of  these  ions.  When  the  solutions  are  poured  together  in  the  reverse 
order,  it  is  mainly  Ce*  ions  that  are  adsorbed. 
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Precipitation  under  conditions  where  there  was  insufficient  precipitant,  from  solutions  in  which  the  cerium 
concentration  was  increased  five  times,  showed  that  coprecipitation  of  zirconium  decreases,  and  reaches  a  value 
of  about  5%.  These  results  again  confirm  our  hypothesis  regarding  the  mechanism  of  coprecipitation. 

It  is  clear  from  Table  4  that  the  amount  of  zirconium  coprecipitated  decreases  with  increasing  HNOs  con¬ 
centration.  This  could  be  the  result  of  changes  in  the  surface  of  the  Ce2(C203)3  as  a  consequence  of  an  increase 
in  solubility,  or  as  a  result  of  competition  between  hydrogen  ions  and  zirconium  ions  in  the  secondary  adsorption 
layer. 


TABLE  3 


Order  in  which  the  solutions  are  added  to  the 
cerium  oxalate  ppt. 

Time 

of 

stirring 

Amt.of 
zirconium 
coprec^i- 
tated,  10 

Zirconium  solution  added  to  a  saturated  solution 

0.5 

7.6 

of  cerium  oxalate 

2,5 

7.2 

Saturated  solution  of  cerium  oxalate  added  to 

2,5 

32,5 

zirconium  solution 

3,5 

38,a 

TABLE  4 


HN08  con¬ 
centration 

Zr  coprecipitated, 
% 

0,1 

56,1 

0,2 

47,6 

0.3 

41.0 

0,4 

33,9 

Note.Duration  of  stirring  3.5  hr. 
TABLE  5 


A  study  of  the  effect  of  the  zirconium  concentration  on  its 
coprecipitation  with  cerium  oxalate  was  carried  out  using  the  same 
conditions  as  before;  in  individual  experiments,  the  only  solutions 
used  were  ones  with  different  concentrations  of  zirconium,  obtained 
by  mixing  Zr  and  the  same  compounds  of  the  stable  isotope  of 
zirconium. 

The  results  given  in  Table  5  show  that  the  amount  of  zircon¬ 
ium  coprecipitated  increases  with  its  increasing  concentration  in  solu¬ 
tion,  but  the  percentage  of  the  zirconium  thereby  trapped  decreases. 


Zr concen¬ 
tration 
g/  liter 

Duration  oi 

Amt.,  of  coprecip¬ 
itation 

Zr  concen¬ 
tration 
g/ liter 

Duration 
of  stirr¬ 
ing  hours 

Amt.  of  copreclp- 
itatlon _ 

Cerium  ^ 
oxalate  ,7o 

4irco-_, 
mum  ,70 

Fxl'iS? 

Zirc^ium , 

5,0.10-* 

1,0 

42,9 

27,5 

7,0.10-* 

2,5 

81.5 

37,1 

5,0- 10-* 

1,5 

61,2 

38,5 

7,0-10-* 

3,5 

99,0 

35.5 

5,0-10-* 

2,5 

81,5 

64,0 

1,2 

1,0 

42,9 

4.6 

5,0.10-* 

3,5 

99,0 

60,1 

1,2 

1,5 

61,2 

4.7 

7,0.10-» 

1,0 

42,9 

36,6 

1,2 

2.5 

81,5 

5.5 

7,0.10-« 

1,5 

61,2 

37,7 

1.2 

3.5 

99,0 

5,3 

SUMMARY 

It  has  been  established  that  zirconium  is  coprecipitated  with  trivalent  cerium  oxalate  as  a  result  of  ad¬ 
sorption;  coprecipitation  of  zirconium  decreases  with  increasing  acidity  of  the  medium.  With  increasing  zir¬ 
conium  concentration  in  solution,  its  adsorption  increases,  but  the  percentage  of  it  trapped  decreases. 
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DETERMINATION  OF  ZIRCONIUM  BY  MEANS  OFN-BENZOYLPHENYL- 
HYDROXYLAMINE 


I.P.  Alimarin  and  Tse  Yun-Hslaag 
The  M.V.  Lomonosov  Moscow  State  University 


In  recent  years,  for  the  determination  of  zirconium  and  for  its  separation  from  other  elements  ,  wide  use 
has  been  made  of  organic  reagents  including  cupferron  [1-6]  and  its  analog  N-benzoylphenylhydroxylamine 
(BPHA),  which  has  been  recommended  as  an  analytical  reagent  for  the  precipitation  of  metals  by  Bamberger  [7]. 


N=0 

I  . 

/\-N-OH 


Cupferron 


/  \ c— O 

\ _ ^  I  ° 

^-N-OH 

N  -Benzoylphenylhydroxylamlne 


Schome  [8-10]  used  BPHA  for  determination  of  titanium,  aluminum,  and  copper  by  a  gravimetric  method,  and 
vanadium  by  a  photometric  method.  He  showed  that  BPHA  differs  from  cupferron  in  its  stability  to  the  effect  of 
heat  and  light.  Ryan  and  Lutwik  [11]  used  BPHA  for  determining  tin.  Moshier  and  Schwarberg  [12]  and  Majumdar 
and  Mukhejee  [13]  used  this  reagent  for  determining  tantalum.  Sina  [14]  used  BPHA  for  determining  molybdenum, 
while  Dyrssen  [15]  used  it  for  extracting  lanthanum,  thorium,  and  uranium. 

The  aim  of  the  work  described  here  was  to  establish  more  accurately  the  conditions  for  determining 
zirconium  by  means  of  benzoylphenylhydroxylamlne,  both  in  pure  salts  and  in  the  presence  of  other  elements, 
and  also  to  try  to  separate  in  this  way,  zirconium  from  tantalum,  niobium,  and  certain  other  elements. 


EXPERIMENTAL 

N -Benzoylphenylhydroxylamlne  was  synthesized  by  Scheme’s  method  [8].  The  product  was  recrystallized 
from  ethanol  (or  from  hot  water).  The  reagent  is  obtained  in  the  form  of  white,  needle-like  crystals  (m.p.l21*), 
which  are  sparingly  soluble  in  cold  water  [at  room  temperature  (25*)  the  solubility  is  about  0.5  g  liter]  and 
readily  soluble  in  hot  water,  alkali  solutions,  ethanol,  diethyl  ether,  chloroform,  and  cyclohexanone.  The  re¬ 
agent  is  completely  stable  in  a  solution  of  sulfuric  or  hydrochloric  acid;  only  in  a  strongly  alkaline  medium, 
after  several  days,  is  there  observed  any  decomposition. 

For  our  experiments  we  used  a  solution  of  zirconium  hydroxide  which  was  standardized  gravimetrically. 

In  order  to  establish  the  optimum  conditions  for  precipitating  zirconium  with  BPHA,  we  studied  the  rela¬ 
tion  between  completeness  of  precipitation  of  zirconium  and  the  amount  of  BPHA.  For  this  purpose  various 


amounts  of  BPHA  dissolved  in  40  ml  of  boiling  water  was  added  to  60  ml  of  a  standard  solution  of  a  zirconium 
salt  (0.0152  g  ZTO2)  (total  volume  100  ml,  HCl  concentration  0.15  N).  Solution  plus  precipitate  was  heated  on  a 
boiling  water  bath  for  10-15  minutes,  the  whole  being  stirred  occasionally.  In  this  way  the  compound  formed 
between  zirconium  and  benzoylphenylhydroxylamine  which  separated  out,  was  precipitated  as  a  white  precipitate 
which  readily  coagulated.  After  this  stage,  on  cooling  of  the  solution,  the  precipitate  was  filtered  through  a  fine 
filter  paper,  washed  with  a  solution  of  1*70 hydrochloric  acid  containing  0.05% BPHA,  then  It  was  dried  and  cal¬ 
cined  in  a  porcelain  crucible  at  1000-1100“  to  constant  weight.  The  results  obtained  are  shown  in  Fig.  1.  It 
should  be  noted  that,  from  a  practical  point  of  view,  it  is  better  to  add  excess  reagent  for  more  complete  pre¬ 
cipitation,  particularly  in  a  strongly  acid  medium  . 

In  order  to  establish  the  effect  of  acidity  on  completeness  of  precipitation  of  zirconium,  the  latter  was 
precipitated  with  BPHA  for  different  concentration-  of  the  acid  in  solution.  The  results  are  given  in  Fig.  2. 


Reagent 


Fig.l.  Relation  between  completeness 
of  precipitation  of  zirconium  and  the 
amount  of  BPHA. 


Fig.2.  Effect  of  HCl  concentration 
on  completeness  of  precipitation  of 
zirconium  with  N  -benzoylphenyj- 
hydroxylamine. 


We  also  studied  the  effect  of  various  mineral  acids  and  of  tartaric  acid  on  precipitation  of  zirconium. 
For  this  purpose,  various  amounts  of  hydrochloric,  sulfuric,  or  tartartic  acid  solutions  were  added  to  a  solution 
containing  zirconium,  the  solutions  were  diluted  to  150  ml  and  0.4-0.5  g  of  BPHA  dissolved  in  100  ml  of  boiling 
water  added.  Solution  plus  precipitate  was  heated  for  15-20  minutes  on  a  boiling  water  bath;  the  solution  was 
stirred  occasionally.  The  precipitate  was  then  filtered  immediately  through  a  fine  filter  paper,  since  zirconium 
benzoylphenylhydroxylaminate  is  almost  insoluble  in  hot  water.  The  precipitate  was  washed  with  1%  hydro¬ 
chloric  acid  solution  containing  0.05% BPHA,  and  was  then  dried  and  calcined  in  a  porcelain  crucible  at  1000- 
1100".  The  results  obtained  are  given  in  Table  1. 

In  order  to  establish  the  effect  of  hydrogen  peroxide,  which  is  used  for  preventing  precipitation  of  titanium 
niobium,  and  vanadium,  on  completeness  of  precipitation  of  zirconium,  to  150  ml  of  solution  containing  zircon¬ 
ium,  to  150  ml  of  solution  containing  zirconium  was  added  about  1  ml  of  30%  hydrogen  peroxide,  after  which 
the  zirconium  was  precipitated  with  a  solution  of  BPHA  as  described  above.  The  precipitate  was  Altered  off, 
calcined,  and  weighed.  The  experimental  results,  which  are  given  in  Table  1,  show  that  hydrogen  peroxide 
does  not  affect  completeness  of  precipitation  of  zirconium.  It  should  be  noted  that  in  the  presence  of  hydrogen 
peroxide,  it  is  best  to  heat  the  solution  plus  precipitate  on  a  gently  boiling  water  bath  for  not  more  than  15 
minutes. 

Next,  we  studied  the  precipitation  of  zirconium  in  the  presence  of  other  elements.  For  this  purpose, 
standard  solutions  of  iron,  aluminum,  chromium,  titanium,  niobium,  tantalumand  rare  earth  salts  were  used. 
Zirconium  was  precipitated  and  determined  as  described  above.  The  experimental  results  are  given  in  Table  2. 

In  order  to  determine  its  composition,  zirconium  benzoylphenylhydroxylaminate  was  prepared  as  follows. 
To  a  solution  containing  zirconium  hydroxylaminate  was  added  different  amounts  of  hydrochloric  acid  and 
0.5-1.5  g  of  BPHA  dissolved  in  50-100  ml  of  boiling  water  (total  volume  100-150  ml).  Solution  plus  preci¬ 
pitate  was  heated  on  a  boiling  water  bath  for  30  minutes,  and,  without  cooling,  the  precipitate  was  filtered 
through  a  glass  crucible;  the  precipitate  was  washed  with  a  hot  1%  solution  of  hydrochloric  acid  containing 
0.05%  BPHA,  and  several  times  with  hot  distilled  water;  it  was  finally  washed  with  30  ml  of  ether  (BPHA  it¬ 
self  is  soluble  in  ether  but  zirconium  benzoylphenylhydroxylaminate  is  not)  and  dried  at  105-110*  to  constant 
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weight.  After  this,  some  of  the  precipitate  was  placed  in  a  porcelain  crucible  and  calcined  at  1000 -11 00*  to 
constant  weight,  and  weighed  as  ZrOj.  The  results  obtained,  which  are  shown  in  Table  3,  show  that  the  com¬ 
position  of  the  precipitate  isolated  from  the  hydrochloric  acid  solution  corresponds  to  the  formula  Zr(BPHA)4. 

Zirconium  benzoylphenylhydroxylaminate  Zr(BPHA)4  can  be  used  as  a  gravimetric  form. 

In  order  to  establish  the  stability  of  zirconium  benzoylphenylhydroxylaminate  to  temperature,  a  thermo- 
gravic  analysis  was  carried  out.  It  follows  from  Pig.  3  that  the  precipitate  is  stable  up  to  a  temperature  of  240*. 
In  order  to  get  the  gravimetric  form  ZrOj  it  is  sufficient  to  calcine  the  hydroxylaminate  at  500*. 


TABLE  1 


ZrOj 

>g 

Error,  g 

Medium 

taken 

found 

0,0303 

0,0303 

0,0152 

0,0i52 

0,0062 

0,0062 

0,0062 

0,0016 

0,0016 

0,0303 

0,0304 

0,0151 

0,0153 

0,0062 

0,0062 

0,0062 

0,0016 

0,0017 

±0,0000 

±0,0001 

—0,0001 

±0,0001 

±0,0000 

±0,0000 

±0,0000 

±0,0000 

±0,0001 

2,4  N  HCl 

0,0031 

0,0031 

0,0031 

0,0030 

±0,0000 

-0,0001 

2,4  N  HCl  and 

5%  C4Hfl06 

0,0031 

0,0031 

0,0031 

0,0033 

±0,0000 

±0,0002 

2,4  yv  HCl  and 
0,15o/o  H2O2 

0,0152 

0,0152 

0.0151 

0,0150 

—0,0001 

-0,0002 

2.4  N  HCl  (95°) 

0,0152 

0,0062 

0,0153 

0,0064 

±0,0001 

±0,0002 

3.6  yv  H..SO4 

0,0152 

0,0062 

0,0154 

0,(K)62 

±0,0002 

±0,0000 

3,6  /V  H2SO4  and 

5%  C4H60e 

0,0152 

0,0062 

0,01.52 

0,0062 

•  ±0,0000 
±0,0000 

3.6  /V  H2SO4  and 
0,15%  H2O2 

TABLE  2* 


Oxides  of  other 
metals  added  ,g 

ZrOj 
found  ,g 

Error,  g 

Oxides  of  other 
metals  added,  g 

ZrOj 
found,  g 

Error,  g 

FejOa 

0,033 

0,0032 

±0,0001 

Cr203  0,020 

0,0031 

±0,0000 

It 

0,033 

0,0031 

±0,0000 

BPHA  0.020 

0,0031 

±0,0000 

AI2O3 

0,150 

0,0033 

±0,0002 

ZrrBPHA  0,010 

0,0030 

—0.0001 

N 

0,150 

0,0030 

—0.0001 

BPHA  0.020 

0,0029 

-0,0002 

TiOs 

0,018 

0,0031 

±0,0000 

(Nb.  Ta)205  0,010 

0,0030 

—0,0001 

ft 

0,018 

0,(X)33 

±0,0002 

BPHA 

0,0030 

-0,0001 

(0.0031  g  Zr02  taken) 
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TABLE  3 


Zirconium 
benzoylphen  ■ 
ylhydroxyl- 
aminate  ppt 
wt,  g 

Found, g 

ZriBPHA 

HCl  con 
centrati 
N 

Zr 

BPHA 

0,1170 

0,0119 

0,10.51 

1:  3,8 

0,15 

0,1168 

0,0119 

0,1049 

1 :  3.8 

0,15 

0,1170 

0,0119 

0,1051 

1 :  3.8 

1.0 

0,1150 

0,0119 

0,1031 

1:  3.7 

1,0 

0,1169 

0,0119 

0,1050 

1 :  3,8 

2,3 

0,0554 

0,0053 

0,0501 

1 :  4,0 

3,1 

0.0951 

0,0091 

0,0860 

1 :  4.0 

4,2 

0,0940 

0,0093 

0,0847 

1 :  4,0 

5.3 

0,0958 

0,0094 

0,0864 

1:  4,0 

6.0 

mg 


Fig.  3.  Thermolysis  curve  for  zirconium 
benzoylphenylhydroxylaminate. 


SUMMARY 

A  new  method  has  been  developed  for  the  quanti¬ 
tative  precipitation  of  zirconium  with  N  -benzoylphenyi- 
hydroxylamine, 

A  study  has  been  made  of  the  effect  of  various 
mineral  acids,  tartaric  acid,  and  hydrogen  peroxide  on 
the  completeness  of  precipitation  of  zirconium  with 
N  -benzoylphenylhydroxylamine. 

Precipitation  of  zirconium  in  the  presence  of  other 
elements  has  been  investigated,  and  it  has  been  shown  that 
zirconium  can  be  separated  from  iron,  aluminum,  chrom¬ 
ium,  titanium,  niobium,  and  tantalum. 


The  composition  of  zirconium  benzoylphenylhydroxylam  inate  has  been  determined;  the  composition  of  the 
precipitate  which  separates  out  of  hydrochloric  acid  solutions  corresponds  to  the  formula  ZrfBPHA)^. 
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A  NEW  PHOTOMETRIC  METHOD  FOR  THE  DETERMINATION 
OF  VANADIUM 

G.  V.  Rabovskii,  T.  F.  Kuznetsova,  and  V,  A.  Belonogova 


The  oxidation  of  quinquevalent  vanadium  in  a  sulfuric  acid  medium  by  phenylanthranilic  acid,  or  by  the 
salts  of  diphenylaminesulfonic  acid,  is  a  reaction  which  possesses  a  high  sensitivity,  and  permits  detection  of  0.2  y 
of  vanadium  in  1  ml  of  solution.  Despite  such  a  high  sensitivity  it  has  not  found  application  for  the  photometric 
determination  of  vanadium  because  of  the  low  stability  of  the  colored  products  formed,  and  the  comparatively 
rapid  change  from  one  color  to  the  other  [1,2],  We  cannot  agree  with  this,  however,  since,  according  to  our 
observations,  the  stability  of  the  indicator  cola  depends  on  the  acidity  of  the  medium.  In  solutions  containing 
5M/ liter  and  more  of  sulfuric  acid,  the  color  appears  immediately,  and  it  is  stable  long  enough  for  its  optical 
density  to  be  measured. 

It  is  clear  from  Table  1  that  the  optical  density  of  colored  solutions,  for  the  same  vanadium  concentration, 
does  not  change  in  the  course  of  30  minutes.  It  drops  slightly  after  60  minutes.  However,  even  in  this  case,  the 
difference  in  optical  densities  for  adjacent  concentrations  of  vanadium  remains  the  same  as  that  which  is  ob¬ 
served  when  measurements  of  the  optical  density  are  made  30  minutes  after  adding  the  indicator.  The  calibra¬ 
tion  curve  is  displaced  parallel  to  the  curve  obtained  when  values  of  the  optical  density  measured  5-10  minutes 
(diagram)  after  addition  of  the  indicator  are  used.  Accordingly,  it  should  be  possible  to  determine  the  vanadium 
concentration  on  the  basis  of  the  differences  in  the  optical  density  of  the  colored  solutions  and  a  standard  [3] 
even  when  the  measurements  are  made  one  hour  after  preparing  the  solution. 

The  amount  of  indicator  added  to  the  solution  is  very 
important.  For  vanadium  concentrations  of  0.01  to  0.1  mg 
in  50  ml  of  solution,  it  is  essential  to  add  1.5 -2.0  ml  of  a 
0,02% solution  of  barium  diphenylaminesulfonate,  or  8-12 
drops  of  a  0.1%  solution  of  phenylanthranilic  acid. 

Colored  ions  such  as  iron,  uranium,  trivalent  chrom¬ 
ium,  etc., do  not  interfere  with  the  determination  of  vanad- 
ium(Table  2). 

When  the  test  material  is  dissolved,  quadrivalent 
vanadium  may  be  present  in  addition  to  quinquevalent 
vanadium.  Potassium  permanganate  is  usually  used  to 
oxidize  the  quadri-  to  the  quinquevalent  form.  When  this 
technique  is  adopted  in  the  cold,  if  trivalent  chromium 
should  be  present,  it  is  not  oxidized  to  the  sexivalent  form. 
Accordingly,  the  basic  problem  is  to  reduce  excess  potas¬ 
sium  permanganate  without  touching  the  quinquevalent 
vanadium. 

Sodium  nitrite  was  used  for  removing  excess  permanganate,  since  nitrous  acid  in  a  weakly  acid  medium 
does  not  reduce  VO2  because  of  the  nearness  of  their  oxidation  —  reduction  potentials  [4],  If  0.05  M  sodium 
nitrite  is  carefully  added  until  the  permanganate  is  decolorized,  and  one  drop  of  nitrite  added  in  excess,  and 
then  urea  added  immediately,  the  quinquevalent  vanadium  is  not  reduced  to  the  quadrivalent  state  even  in  3-4  N 
sulfuric  acid. 


TABLE  1 

Relation  between  Optical  Density  and  the  Time 
after  which  Measurements  of  Optical  Density 
Are  Made  .  (H2SO4  concentration  5M  / liter, 
total  volume  of  solution  50  ml,  FEK-M  color¬ 
imeter,  green  filter) 


Amount 
of  V.mg 

Value  of  the  optical  density 

Immed. 

VSn 

After 

10^ 

min 

After  1 
30  mill 

After 
60  min 

0,02 

0,072 

0,700 

0,072 

0,071 

0,062 

0,04 

0,l^i5 

0,145 

0,145 

0,140 

0,132 

0,06 

0,215 

0,214 

0,215 

0,210 

0,202 

0,08 

0,286 

0,285 

0,285 

0,280 

0,272 

0.10 

0,354 

0,352 

0,353 

0,348 

0,338 
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TABLE  2 


Effect  of  Colored  Ions  on  the  Value  of  the  Optical  Density  during  Vanadium  Determ¬ 
ination  (Green  filter) 


Amt  of  V, 
mg/ 50  ml 
of  solution 

Added 

Fe  100  mg 

U  100  mg 

0 

1 

II 

III 

I 

II 

III 

Cr  3  mg 

0,02 

0,04 

0,06 

0,08 

0,10 

0,070 

0,i39 

0,210 

0,280 

0,351 

0,070 

0,143 

0,213 

0,280 

0,352 

0,069 

0,138 

0,208 

0,278 

0,348 

0,068 

0,140 

0,210 

0,281 

0,351 

0,072 

0,148 

0,219 

0,290 

0,360 

0,069 

0,141 

0,210 

0,285 

0,350 

0,070 

0,141 

0,215 

0,285 

0,355 

0,067 

0,140 

0,211 

0,281 

0,349 

TABLE  3 

Determination  of  Vanadium  in  Steels 


Standard 

sample 

Content,  % 

V  deter¬ 
mined, 

% 

Relati^ 
error,  % 

V 

Cr 

Ni 

0,290 

0,890 

3,940 

0,292 

+0,69 

0,290 

0,890 

3,940 

0,289 

-0,34 

0,290 

0,890 

3,940 

0,287 

—1,06 

30  c 

0,290 

0,890 

3,940 

0,288 

—0,69 

0,290 

0,290 

3,940 

0,290 

—0,00 

0,290 

0,890 

3,940 

0,292 

+0,69 

0,240 

— 

— 

0,226 

-5,8 

0,240 

— 

— 

0,228 

—5,0 

0,240 

_ 

_ 

0,228 

-5,0 

0,240 

— 

— 

0,228 

—5,0 

30b 

0,240 

— 

— 

0,228 

—5,0 

0,240 

— 

— 

0,226 

—5,8 

2,26 

12,55 

2,35 

+3,9 

2,26 

12,55 

2,27 

+0,44 

87 

2,26 

12,55 

2,25 

-0,44 

2,26 

12,55 

2,35 

+3,9 

2,26 

12,55 

2,27 

+0,44 

2,26 

12,55 

2,27 

-1  0,44 

Procedure  for  vanadium  determination.  An  aliquot  of  test  material  containing  0.1 -1.0  mg  of  vanadium  is 
dissolved  in  30  ml' of  aqua  regia  and  the  solution  evaporated  with  20  ml  of  H2SO4  (1:1)  until  SO3  fumes  appear. 
20-30  ml  of  water  is  added,  followed  by  1-2  drops  of  hydrogen  peroxide  (to  reduce  sexivalent  chromium)  and 
the  mixture  heated  to  the  boil.  The  insoluble  residue  is  filtered  off  and  washed  several  times  with  hot  water. 

The  filtrate  and  wash  liquors  are  collected  in  a  100  ml  standard  flask  and  their  volume  made  up  to  the 
mark  with  water.  10  ml  of  this  solution  is  transferred  into  a  50  ml  beaker;  0.1  N  KMn04  is  added  dropwise 
until  the  pink  color  does  not  disappear  for  5  minutes.  Excess  permanganate  is  removed  by  careful  dropwise 
addition  of  0.05  M  sodium  nitrite,  one  drop  of  the  latter  is  added  in  excess  .and  0.5  g  of  urea  added.  The  solu¬ 
tion  is  transferred  to  a  50  ml  standard  flask,  and  5  ml  of  H3PO4  (4:1),  added;  the  solution  is  then  made  almost 
up  to  the  mark  with  H2S04(1;1)  *  , finally,  8-10  drops  of  0.1%  phenylanthranilic  acid  is  added  .  The  solution  is 


•H2S04(1:1)  and  113004(1:!)  should  be  given  preliminary  treatment  with  K  Mn04,  sodium  nitrite,  and  urea. 
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Amt.  of  V  In  mg 

X )  Optical  density  measured  after  5  minutes;  •) 
ditto  after  60  minutes. 


made  up  to  the  mark  with  H2SO4  (1: 1),  the  solution 
is  thoroughly  shaken  up,  and,  after  5  minutes,  the 
optical  density  is  measured  on  a  FEK  -M  apparatus 
in  a  N0.4  cuvette  using  a  green  filter. 

The  zero  solution  is  prepared  by  taking  10  ml 
of  the  test  solution,  treating  it  as  described  above  but 
omitting  addition  of  the  indicator. 

Table  3  contains  results  for  the  determination 
of  vanadium  in  standard  samples  of  steel. 

It  is  clear  from  these  results  that  the  suggested 
photometric  method  of  determining  vanadium  is  no 
less  accurate  than  existing  methods,  whi  le  it  is  much 
quicker  to  carry  out  than  these  others  since  it  does 
not  require  removal  of  colored  ions. 


SUMMARY 

A  photometric  method  has  been  developed 
for  the  determination  of  vanadium  which  is  based  on 
oxidation  of  phenylanthranilic  acid  or  of  diphenylaminesulfonic  acid  salts  by  quinquevalent  vanadium. 

Iron,  uranium,  trivalent  chromium,  and  nickel  ions  do  not  interfere  with  the  determination  of  vanadium. 
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A  STUDY  OF  THE  INTERACTION  OF  SEXIVALENT  URANIUM 
AND  COMPLEXON  III 


D.  I.  Ryabchikov,  P.  N.  Palei,  and  Z.  K.  Mikhailova 

The  V,  I,  Vernadskii  Institute  of  Geochemistry  and  Analytical  Chemistry 
Acad.  Sci,  USSR,  Moscow 


A  number  of  reviews  have  been  published  on  the  application  of  complexons  in  analytical  chemistry  [1-7], 
However,  there  is  very  little  information  regarding  the  interaction  of  uranium  ions  and  Complexon  in.  Brintzinger 
and  Hesse  [8]  have  isolated  a  compound  with  the  composition  (U02)2H2  (C2oH22N2Pg)  •  HgO.  Cabell  [9]  has  estab¬ 
lished  potentiometrically  that  on  adding  Complexon  in  to  a  solution  of  uranyl  nitrate,  the  following  reactions 
may  occur: 


U02+  +  H2f~  -*  UO2H7-  +  H+  * 

2UO^-*-  -|-H,7“--.(U02)..y. 

in  which  the  first  equation  is  characteristic  for  solutions  with  a  ratio  of  C^Qj^p^exon  ^^u  ^  second 

equation  is  characteristic  for  solutions  with  a  ratio  of  C^Qj^pj^xon^  ^U  “  Liberation  of  hydrogen  ions 
during  the  interaction  of  uranium  with  Complexon  in,  coupfed  with  an  increase  in  pH  at  the  beginning  of  pre¬ 
cipitation  of  the  diuranate,  indicate  a  complex  forming  process.  The  author  concluded  that  compounds  of  uran¬ 
ium  with  Complexon  in  exist  in  the  range  pH  3-5. 

In  order  to  establish  the  properties  and  the  nature  of  the  compound  of  uranium  with  Complexon  in  we  made 
use  of  a  number  of  physicochemical  methods,  and  also  of  a  preparative  method. 

Ion  Exchange  Method.  Ion  exchange  is  widely  used  not  only  for  separating  elements,  but  also  as  a  method 
for  studying  the  state  of  ions  in  solution  [10].  We  have  studied  the  relation  between  the  sorption  of  uranium  from 
solutions  containing  Complexon  in  and  the  pH,  and  also  between  this  sorption  and  the  concentration  of  the  ion 
being  coordinated.  In  order  to  keep  the  pH  of  the  solution  passing  through  the  ion  exchange  resin  constant,  the 
sorbent  in  the  column  was  brought  into  equilibrium  with  the  test  solution.  The  cation  exchange  resin  KU-2  and 
the  anion  exchange  resin  EDE-lO*  *  ,  prepared  according  to  GOST  5629-52  were  used  for  the  work. 

The  solution  containing  uranium  and  Complexon  in  in  a  definite  ratio  at  various  pH  values  was  passed 
through  the  sorbent  layer  at  the  rate  of  OB  cm/ minute.  Uranium  was  determined  photometrically  in  the  filtrate 
by  means  of  peroxide  (anion  exchange  resins),  or  in  the  desorbed  sulfuric  acid  solution  vanadometrically  (cation 
exchange  resins). 

On  the  basis  of  the  curves  obtained  (Fig.  1)  a  number  of  conclusions  can  be  drawn. 

1.  Uranium  forms  with  ethylenediaminetetracetic  acid,  under  certain  conditions,  complex  compoiinds  of 
an  anionic  type  which  are  sorbed  on  an  anion  exchange  resin,  and  pass  through  a  column  packed  with  a  cation 
exchange  resin. 

*  y  stands  for  the  anion  of  ethylenediaminetetracetic  acid. 

*  ‘The  particle  size  of  the  sorbent  was  0,25  mm;  the  parameters  of  the  column  were  h  =  28  cm;  D  =  1  cm;  the 
volume  of  sorbent  for  each  test  (swollen  state)  was  10  ml. 
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Fig.  1.  Relation  between  sorption  of  uranium  and  the  ratio 
^Complexon^^U  *  P”  (cation  exchange  resin  KU -2), 
2)  pH  5.5  (cation  exchange  resin  KU-2\  3)  pH  8.0  (cation  ex¬ 
change  resin  KU-2),  4)  pH  1.7  (anion  exchange  resin  EDE-10), 
5 )  pH  5.5  (anion  exchange  resin  EDE-10), 6)  pH  8.0  (anion 
exchange  resin  EDE-10), 


2.  The  extent  to  which  complex  formation  takes  place 
depends  on  the  hydrogen  ion  concentration;  in  acid  solutions 
(pH  1.7),  lOO^o  sorption  of  uranium  is  observed  in  the  pre¬ 
sence  of  ethylenediaminetetracetic  acid  on  a  cation  exchange 
resin,  while  it  is  hardly  sorbed  at  all  on  an  anion  exchange 
resin.  At  pH  5.5  the  uranium  is  partly  bound  as  an  anionic 
complex,  since  part  of  the  uranium  is  held  not  only  by  the 
cation  exchange  resin  but  also  by  the  anion  exchange  resin. 
Further  pH  increases  lead  to  increased  concentration  of  the 
anionic  form. 

These  results  are  in  agreement  with  those  of  Macek 
and  Pribil  [11]  which  were  obtained  during  a  study  of  com¬ 
plex  formation  of  uranium  by  electrophoresis  on  paper. 

3.  The  compound  of  uranium  and  Complexon  III  pos¬ 
sesses  low  stability,  since  on  increasing  the  concentration  of 
the  ion  being  coordinated  (at  constant  pH)  sorption  of  uran¬ 
ium  on  the  cation  exchange  resin  decreases  while  it  increases 
on  the  anion  exchange  resin, 

Spectrophotometric  method.  The  optical  density  of  the  test  solutions  was  measured  on  a  Beckman  spec¬ 
trophotometer  fitted  with  glass  cuvettes  having  a  path  for  the  light  beam  of  10,00  mm;  measurements  were  made 
at  room  temperature  in  the  range  400-600  mp .  A  strictly  constant  slit  width  was  established  for  each  wavelength. 
The  reproducibility  of  the  optical  density  measurements  was  approximately  0.001-0.005  units. 

It  is  known  [12-13]  that  the  absorption  bands  of  an  aqueous  solution  of  uranyl  nitrate  are  located  in  the 
visible  part  of  the  spectrum  in  the  range  400-500  mp  ,  while  those  of  Complexon  HI  are  located  in  the  infrared 
and  ultraviolet  regions  [14-16], 

As  our  experiments  showed,  0.01-0.1  M  solutions  of  Complexon  HI  *  at  pH  1.5 -7.0  have  a  zero  value  for 
the  optical  density  in  the  range  400-500  mp  . 

From  the  absorption  curves  for  0.02  M  solutions  of  uranyl  nitrate  in  0.1  M  potassium  chloride  solution  (Fig. 
2),  it  is  clear  that  the  absorption  maximum  of  the  solution  is  found  at  416  mp*  •  .while  the  optical  density  depends 

•Commercial  Complexon  IH  was  reprecipitated  three  times  according  to  a  technique  described  in  [17], 

•  *  We  do  not  regard  this  value  as  an  absolute  value,  since  the  scale  of  the  apparatus  was  not  accurately  set;  we 
have  based  our  conclusions  only  on  the  relative  changes  in  this  value. 


Fig.  2.  Absorption  curves  for  uranyl  nitrate  at 
pH  1.45  (1)  and  pH  3.2  (2). 
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on  the  hydrogen  ion  concentration.  The  latter  is  connected  with  the  formation  of  uranyl  hydroxy  complexes  [13> 
the  absorption  bands  of  which  in  the  visible  part  of  the  spectrum  are  found  almost  in  the  same  place.  There  is 
a  published  reference  to  the  fact  that  at  pH  0.1-1.55  the  dominating  ions  is  while  at  higher  pH  values, 

ions  with  a  complex  composition  are  formed  [12-13]. 

A  comparison  of  the  absorption  curves  of  an  aqueous  0.02  M  solution  of  uranyl  nitrate,  and  a  solution  of 
the  same  concentration  containing  0.01  M  Complexon  m,  at  pH  1.4-1.5,  shows  (Fig.  3),  that  on  adding  Com- 
plexon  in  to  the  test  solution,  the  nature  of  the  curve  does  not  change;  only  an  increase  in  the  optical  density 
is  observed. 


An  Increase  in  the  pH  of  the  original  solution 
also  causes  a  clear  (from  416  to  420  mp  )  shift  in 
the  maximum  on  the  curve;  this  testifies  to  the 
formation  of  a  new  chemical  compound  in  solution. 
It  might  be  assumed  that  favorable  conditions  for 
obtaining  this  compound  are  created  at  pH>  3, 
since  at  lower  pH  values  the  form  of  the  curve  is 
not  clear,  this  in  all  probability  being  connected 
with  dissociation  of  the  compound  formed. 

The  change  in  the  value  of  the  optical  dens¬ 
ity  as  a  function  of  the  pH  of  the  medium  for  a 
ratio  of  Cj^ompiexon/C  u  =  0.5  is  shown  in  Fig.4. 

The  slow  initial  rise  in  the  curve  (up  to  pH  4) 
coupled  with  the  absence  of  a  clear  switch  over  to 
a  horizontal  part,  can  apparently  be  explained  by 
the  formation  of  a  strongly  dissociated  compound. 

At  pH  >  4, hydrolysis  is  probably  superimposed  on 
the  complex  formation  process. 

Similar  experiments  were  carried  out  with 
solutions  in  which  the  ratio  of  C^Q^iplexon^ CU=1. 

In  Fig.  5  are  shown  absorption  curves  for  a 
solution  which  was  0.02  M  with  respect  to  uranyl 
nitrate  and  Complexon  HI  for  various  pH  values. 

Addition  to  an  uranyl  nitrate  solution  of  an  equimolar  amount  of  Complexon  m  increases  the  optical  dens¬ 
ity  of  the  solution,  but  at  pH  3.8  the  nature  of  the  absorption  curve  does  not  change.  With  increasing  acidity 
the  optical  density  (at  436  ny  )  increases,  it  achieves  a  maximum  value  at  pH  5.5,  remains  constant  to  pH  5.9, 
and  then,  starting  at  pH  6,  drops  again  (Fig.  4). 

At  pH  3,8 -6,0  displacement  of  the  absorption  maximum  to  the  longer  wa  velength  side  (436-437  m|i )  is 
observed. 

The  experimental  results  indicate  that  the  stability  of  the  complex  compound  is  highest  at  pH  4,9 -5. 5, 
since  at  pH  >6  the  absorption  curves  exhibit  a  poorly  defined  maximum  at  436  mpi ,  while  at  pH  3.8  the  ex¬ 
tent  of  complex  formation  is  considerably  weaker. 

The  absorption  curves  for  solutions  which  are  0.02  M  with  respect  to  uranyl  nitrate  and  0,04  M  with  respect 
to  Complexon  HI  are  identical  to  the  absorption  curves  for  a  ratio  of  Ccomplexon/ Cu  =  1  (Fig.  6).  The  only  dif¬ 
ference  is  that  the  optical  density  of  the  solutions  is  higher,  while  the  maximum  (437  mfi )  on  the  curves  is  ex¬ 
pressed  more  clearly.  The  curves  relating  optical  density  to  pH  are  similar  to  those  obtained  for  the  ratio 
^Complexon  f  Cy  =  1  (FiS* 

On  increasing  the  ratio  Ccomplexon^ nature  of  the  curves  does  not  change,  but  the  value 
of  the  optical  density  increases  all  me  time.  In  Fig,  7  are  shown  the  absorption  curves  for  ratios  of  Ccomplexon^ 
Cy  =  2.3,  and  4  (pH  5.7-5.8). 


Fig.  3.  Absorption  curves;  1)  Uranyl  nitrate  (pH  1.45); 

2)  solution  with  Ccomplexon/^U  ratio  =  0.5  (pH  1.5); 

3)  "  •  ■  •  •  =  0.5  (pH  2.4); 

4)  ■  "  •  ■  •  =  0.5  (pH  3.5); 

5)  •  "  ■  "  •  =  0.5  (pH  3.9); 

6)  •  "  ■  •  •  =0.5  (pH  5.1). 
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Fig.4.  Relation  between  the  optical  density  of  the 
solution  and  pH:  1)  At  a  ratio  of  Cpo^olexon/Cif 

=  0.5;  2)A,aratloofCco„jplexoX  =“ 

3)  At  a  raUo  of  Ccompiexon'^U  =  2. 


In  Fig.  8  is  shown  the  relation  between  the  optical 
density  of  the  solution  (at  438  mp  )  and  the  concentration 
of  the  ion  being  coordinated  (for  a  constant  value  of  the 
pH  of  5.85).  In  all  these  experiments  the  concentration 
of  the  solution  with  respect  to  uranyl  nitrate  was  0.01  M, 
while  the  concentration  with  respect  to  Complexon  III 
was  changed  from  0.01  to  0.06  M.  In  Fig.  8  we  restricted 
ourselves  to  the  final  point  obtained  for  a  ratio  of 
^Complexon However,  the  value  of  the  optical 
density  increased  even  at  ratios  of  Ccomplexon /Cy  >  6* 
The  latter  might  be  caused  either  by  stepwise  complex 
formation,  or  by  insufficient  stability  of  the  compound 
formed  [18]. 

In  order  to  solve  this  problem  it  was  expedient 
to  study  the  properties  of  a  series  of  solutions  with  a  con¬ 
stant  concentration  of  the  ion  being  coordinated  (0.01  M) 
while  varying  the  concentration  of  the  central  ion  (pH 
5.85).  The  curve  obtained  (Fig.9)  proved  to  be  similar 
to  the  curve  shown  in  Fig.  8. 

It  can  be  assumed,  accordingly,  that  for  a  ratio  of 
^Complexon^ ^  1*  *  compound  with  the  same  com¬ 
position  is  formed.  Its  stability  Is  not  high;  accordingly, 
even  for  the  case  of  large  excess  of  the  ions  being  coord¬ 
inated,  all  the  uranium  taken  cannot  be  completely  bound. 


Comparison  of  the  absorption  curves  of  uranyl 
nitrate  and  Complexon  HI  at  pH  1.4-1.5  gives  a  basis  for  assuming  that  a  complex  compound  is  not  formed 
under  these  conditions. 


Conductometric  method.  Conductometric  titration  of  0.0084  M  uranyl  nitrate  with  0.1  and  0.05  M  Com¬ 
plexon  m  solutions  was  carried  out  by  means  of  a  Wheatstone  bridge,  a  resistance  box  KMS-6  being  used  as  three 
arms  of  the  bridge.  The  frequency  used  was  1000  cycles.  The  null  instrument  was  a  galvanometer  with  a 
shadow  pointer  M  91/ A  with  a  sensitivity  of  about  5  •  10“*  amp  per  scale  division.  The  a.c.  current  was  rec¬ 
tified  with  a  germanium  rectifier.  The  resistance  of  the  solution  was  measured  to  an  accuracy  of  the  third  place. 
Titration  was  carried  out  at  25  ±  0.01“  in  a  vessel  with  electrodes  made  from  platinized  platinum.  The  cell 
constant  was  equal  to  0.64,  Corrections  for  dilution  of  the  solution  during  the  titration  were  applied  in  each 
experiment.  On  the  curves  I/R^  ~  ^complexon^ 1®)  there  is  a  clearly  expressed  break  at  a  ratio  of 
^Complexon^^U  ~  suggests  that  a  chemical  compound  is  formed  at  this  point. 

Our  results  agree  with  the  results  of  Hara  and  West  [19],  obtained  by  the  method  of  high  frequency  titra¬ 
tion,  These  authors  consider  that  at  pH  3.5 -4.0  ethylenediaminetetracetic  acid  reacts  with  uranium  to  form  a 
stable  compound  at  a  ratio  of  Ccompiexon^^U  = 

Preparative  method.  It  is  known  [17]  that  the  salts  of  ethylenediaminetetracetic  acid  are  sparingly  soluble 
in  many  organic  solvents.  A  mixture  of  alcohol  and  acetone  in  the  proportion  of  2:1  by  volume  proved  to  be  the 
most  suitable  for  separating  the  compound  of  uranium  with  Complexon  HI.  The  compound  was  isolated  under 
conditions  where  there  was  a  deficiency  and  an  excess  of  Complexon  respectively,  with  respect  to  the  uranium. 

To  15  ml  of  an  aqueous  suspension  of  ethylenediaminetetracetic  acid  (183.5  mg)  was  added  with  stirring 
a  solution  of  ammonia  until  the  former  dissolved  completely;  a  known  amount  of  uranyl  chloride  (299  mg 
uranium)  was  then  added  and  the  pH  adjusted  to  4.  The  solution  was  allowed  to  stand  for  10-15  minutes, after 
which  a  mixture  of  60  ml  of  methanol  and  30  ml  of  acetone  was  added  to  it.  A  yellow  precipitate  separated 
out  on  standing.  After  10  minutes  the  precipitate  was  filtered  on  a  Buchner  funnel  under  vacuum;  it  was  washed 
with  50  ml  of  methanol  and  then  with  50  ml  of  acetone,  and,  finally,  with  50  ml  of  ether.  The  compound  ob¬ 
tained  was  allowed  to  dry  in  air  for  two  days.  We  shall  call  this  compound  material  A  while  we  shall  call  the 
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Fig.  5.  Absorption  curves.  1)  Uranyl  nitrate  solution  (pH  1.45) ; 
2)  Solution  with  a  ratio  of  Ccomplexon/ Cy  =  1  (pH  1.5); 

o\  •  mm  i  •  q  o\. 


3.8>. 

•  4.9); 

•  5.5); 

•  6.4>, 

•  7.0), 


B 


Fig.  6.  Absorption  curves  for  solutions  with  a  ratio  of 

Cy  =  2  for  various  pH  values,  1)  pH  4.1;  2)  pH  5.2;  3)  pH  ^85;  4) 

pH  6.2;  5)  pH  6.6;  6)  pH  6.9;  7)  pH  7.1. 


next  material  which  we  prepared  material  B.  The  method  used  for  preparing  material  B  was  substantially  the 
same  as  that  used  for  preparing  material  A ,  the  essential  difference  being  that  material  B  was  Isolated  from  a 
solution  with  pH  5.5  when  there  was  excess  ethylenediaminetetracetic  acid  present  as  compared  to  uranium, 

(299  mg  of  uranium  and  734  mg  of  the  adid).  It  should  be  pointed  out  that  material  B  separated  out  more  com¬ 
pletely  from  solution  than  material  A. 

Preliminary  experiments  showed  that  at  pH  4-5.5,  from  a  solution  containing  either  uranyl 
nitrate  or  ethylenediaminetetracetic  acid  (their  concentrations  remained  the  same  as  before)  alone,  a  precipitate 
does  not  form  on  addition  of  methanol  and  acetone. 
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Fig.  7.  Absorption  curves  for  solutions  with  pH  5.7 -5.8; 

^Complexon^^U  “  ^Complexon^^U  ' 
^Complexon' ^ 


Fig.  8.  Relation  between  the  optical 


density  of  the  solution  and  Complexon 
m  concentration  at  pH  5.85  (Cy  = 

=  const,). 


Fig.  lO.Conductometric  titration  curves  for  a 
solution  of  uranyl  niuate  (pH  3.5)titrated  with 
Complexon  m. 


Fig.  9,  Relation  between  the  op¬ 
tical  densltv  of  the  solution  and 
uranium  concentration  at  pH  5.85 
^^Complexon  “  const). 

The  compounds  obtained  were  in  the  form  of  a 
fine  crystalline  material,  light  yellow  in  color,  which 
is  readily  soluble  in  water  and  is  almost  insoluble  in 
organic  solvents  (alcohol,  ether,  acetone,  etc). 

The  uranium  content  was  determined  by  careful 
combustion  of  an  aliquot  of  the  material  in  a  crucible, 
followed  by  calcination  in  a  muffle  at  900*  to  constant 
weight.  It  was  weighed  as  UsOg.  Water  of  crystalliza¬ 
tion  was  determined  by  the  hydride  method,  while  total 
nitrogen  was  determined  by  the  Dumas  mediod. 

Since  the  compound  of  uranium  with  Complexon 
m  is  decomposed  by  the  action  of  excess  ammonia 
with  liberation  of  ammonium  diuranate  and  free  Com¬ 
plexon  m,  the  latter  can  be  determined  by  the  usual 
method  [17].  For  this  purpose  40  mg  of  each  of  the 
materials  (A  and  B )  was  dissolved  in  10  ml  of  water 
and  excess  (about  20  ml)  of  12.5  N  ammonia  free  from 
carbonates  added  :the  solution  was  thoroughly  agitated 
and  allowed  to  stand  for  15-20  minutes.  A  precipitate 
of  ammonium  diuranate  separated  out  with  time;  this 
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was  filtered  off  and  washed  with  a  buffer  mixture  (in  the  presence  of  which  the  titration  is  carried  out)  and  the 
filtrate  obtained  titrated  with  a  standard  solution  of  magnesium  chloride  in  the  presence  of  acid  chrome  dark 
blue. 

The  composition  of  the  material  A  was  found  to  approximate  to  the  empirical  formula  (UOj)^^  •  3H2P, 
while  that  of  material  B  was  close  to  (NH4)2(U02y)  •  3H2O.  Table  1  contains  the  means  of  the  results  for  a  num¬ 
ber  of  determinations. 


TABLE  1 


Compound 

Calculated,  'lo 

Found,  *70 

u 

H,0 

^tot 

JL 

u 

u 

H,0 

Ntot 

1 

j 

u 

UOo)..  7  -3H..O 
NH4),|U027l-3H20 

54,18 

36,74 

6,11 

8,33 

3,17 

8,64 

32,0 

44,4 

0,59 

1,21 

53,83 

35,94 

5,4 

7,67 

3,8 

87,0 

25,0 

46,0 

0,46 

1,28 

The  molar  electrical  conductivity  [20]  of  0.001  M  aqueous  solutions  of  compounds  A  and  B  was  52  and 
209  ohm"*’  cm*  respectively. 

There  are  published  references  [21]  to  the  fact  that  compounds  which  break  down  into  two  ions*  give 
electrical  conductivity  values  of  about  100  ohm"*cm*,  while  those  which  break  down  into  three  ions  give  elec¬ 
trical  conductivity  values  of  about  250  ohm  "'em*;  on  this  basis,  it  can  be  concluded  that  in  aqueous  solution  ma 
terial  B  dissociates  into  three  ions,  while  material  A  dissociates  only  to  a  very  small  extent. 


SUMMARY 

Ion  exchange,  spectrophotometric,  and  conductometric  techniques  have  been  used  to  study  the  interaction 
of  uranyl  ions  with  Complexon  in  in  solution. 

It  has  been  established  that  uranyl  forms  a  complex  compound  with  Complexon  HI  at  pH  >  3. 

It  is  suggested  that,  depending  on  the  ratio  of  the  concentration  of  Complexon  ni  and  uranium  in  solution, 
two  compounds  are  formed  with  molar  ratios  of  complexon  ;  uranium  of  1  and  0.5. 

It  has  been  found  that  the  complex  compounds  of  uranium  with  Complexon  III  exhibit  low  stability;  it 
increases  in  the  pH  range  3-8. 

Two  compounds  of  uranium  with  Complexon  III  have  been  isolated,  and  it  has  been  established  that  their 
compositions  approximate  to  the  formulas  (003)2  ^  *  SH^O  and  (NH4)2(U02*)*3H20. 
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MICROTITRATION  OF  RHODIUM  WITH  SODIUM  PIPERIDINE- 
DITHIOCARBAMATE 


N.  K.  Pshenitsyn  and  N.  V.  Fedorenko 

The  N.  S.  Kurnakov  Institute  of  General  and  Inorganic  Chemistry, 
Acad.  Sci.  USSR,  Moscow 


The  complex  chlorides  of  the  platinum  metals  give  colored  products*  with  SnCl2  in  hydrochloric  acid 
solutions.  Formation  of  these  colored  products  is  used  as  the  basis  for  a  considerable  number  of  photometric 
methods  of  determining  the  platinum  metals  [1-4],  The  colored  products  formed  are  readily  extracted  by  or¬ 
ganic  oxygen -containing  solvents  [1,5],  The  composition  of  the  compounds  has  not  been  studied  In  detail  and 
has  not  been  established  hitherto.  An  exception  is  Pt,  the  mechanism  of  whose  interaction  with  SnCl2  has 
been  the  subject  of  a  large  number  of  papers.  Some  authors  [2,9,10]  have  assumed  that  the  development  of  the 
color  is  connected  with  the  conversion  of  platinum  into  a  lower  valence  state.  Others  [5,6  J.2]  consider  that  the 
yellow  color  develops  as  a  result  of  liberation  of  platinum  metal  to  form  a  stable  colloid.  Recently,  some  authors 
[7,8]  have  advanced  the  opinion  that  the  color  is  determined  by  formation  of  a  complex  cation  which  contains 
both  tin  and  platinum  metal.  The  formula  [PtSn4Cl4]Gl4  has  been  ascribed  to  the  product  obtained  by  the  reduction 
of  platinum  with  SnCl2.  In  1938  Pollard  suggested  titrating  the  colored  compounds  of  platinum  [9,11]  and  pal¬ 
ladium  [10]  with  SnCl2  or  SnBr2  with  sodium  diethyldithiocarbamate.  In  this  way  it  is  possible  to  determine 
from  0.001  to  1.0  mg  of  platinum  or  palladium/ml  [10],  Pollard  [10]  tried  to  determine  rhodium  by  titration 
with  sodium  diethyldithiocarbamate  after  addition  of  concentrated  SnBr2  solution.  The  solution  of  the  complex 
chloride  of  rhodium  contained  0.05  mg  Rh/ ml.  In  contrast  to  platinum  and  palladium,  after  addition  of  SnBr2 
the  rhodium  solution  was  heated,  since  only  on  heating  does  the  color  which  is  characteristic  for  rhodium  develop. 
It  was  observed  that  0,0005  mg  rhodium/ ml  gives  a  weak  color.  When  greater  amounts  of  rhodium  were  present 
(0.05  mg/ ml). although  a  color  developed,  the  compound  which  was  formed  on  titrating  with  sodium  diethyldithio¬ 
carbamate  was  not  completely  extracted  with  benzene.  Increasing  the  amount  of  rhodium  and  carbamate  did 
not  improve  the  results. 

The  work  described  here  was  carried  out  in  order  to  establish  the  possibility  of  titrating  rhodium  with  a 
carbamate  having  a  higher  molecular  weight.  Since  there  are  very  few  methods  for  determination  of  small 
amounts  of  rhodium,  while  there  are  only  four  methods  for  its  volumetric  determination,  we  thought  it  would 
be  interesting  to  develop  a  method  for  the  titrimetric  determination  of  rhodium. 

On  titrating  rhodium  with  diethyldithiocarbamate,  we  found  that  on  adding  a  solution  of  the  latter  to  the 
red  solution  obtained  on  heating  the  complex  chloride  of  rhodium  with  SnCl2.  a  yellow  turbidity  appears  which 
is  not  extracted  by  benzene;  as  a  result,  titration  is  impossible.  The  explanation  for  the  fact  that  rhodium,  in 
contrast  to  platinum  and  palladium,  is  not  titrated  with  sodium  diethyldithiocarbamate,  is  presumably  the  follow¬ 
ing:  The  product  formed  by  the  interaction  of  rhodium  with  SnCl2  combines  with  sodium  diethyldithiocarbamate; 
however,  the  reaction  is  very  much  slower  than  is  the  case  during  titration  of  platinum  and  palladium.  During 
titration,  part  of  the  sodium  diethyldithiocarbamate  manages  to  decompose,  since  the  reaction  is  carried  out  in 
strongly  acid  medium,  and  this  reagent  decomposes  readily  under  the  influence  of  acids.  Moreover,  the  com¬ 
pound  obtained  is  sparingly  soluble  in  benzene,  in  contrast  to  the  analogous  compounds  of  platinum  and  palladium. 

On  the  basis  of  these  considerations,  the  titration  conditions  were  modified;  the  acid  concentration  and  the 
amount  of  SnCl2  were  lowered  and  the  duration  of  heating  cut;  in  addition,  a  suitable  solvent  was  chosen  for  the 
*A  similar  reaction  occurs  when  SnBr2  is  used,  but  in  this  case  Pd  is  reduced  to  the  metal. 
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compound  formed.  Despite  the  modifications  adopted,  satisfactory  results  were  not  obtained  on  titrating  with 
sodium  diethyldithiocarbamate.  Accordingly,  we  tried  to  modify  not  only  the  titration  conditions,  but  also  to 
choose  as  titrant  a  carbamate  which  is  more  stable  to  the  action  of  acids. 

Experiments  on  precipitation  of  rhodium  and  platinum  from  solutions  of  their  complex  chlorides  by  means 
of  sodium  diethyl-  and  piperidinedithiocarbamate  confirmed  the  opinion  of  Gleu  and  Schwab  [13]  that  the  latter 
reagent  is  more  stable  to  the  effect  of  acids.  Accordingly,  we  assumed  that  this  reagent  would  be  more  convenient 
for  titrating  rhodium. 

Preliminary  experiments  showed  that  sodium  piperidinedithiocarbamate  is  a  more  suitable  reagent  for 
rhodium  determination.  Because  of  the  low  solubility  of  the  compound  of  rhodium  with  sodium  piperidinedithio¬ 
carbamate  in  benzene,  it  was  necessary,  in  order  to  extract  this  compound,  to  choose  a  more  suitable  solvent.  An 
attempt  was  made  to  replace  benzene  by  chloroform  and  dichloroethane.  It  was  found  that  the  precipitate  only 
partially  dissolves  in  chloroform,  and  has  a  tendency  to  collect  at  the  interface  between  the  aqueous  and  chloro¬ 
form  layers;  the  compound  dissolves  completely  in  dichloroethane  forming  an  orange  colored  solution. 

Good  results  were  only  obtained  when  the  hydrochloric  acid  concentration  of  the  solution  was  between  0.7 
and  1.2  N  during  the  titration. 

0.003' to  0.3  mg  of  rhodium  can  be  titrated  in  3  ml  of  the  solution  to  be  titrated  (or  0.001-0.1  mg/ ml).  It 
is  best  to  prepare  the  solutions  so  that  the  amount  of  reagent  used  for  titration  is  approximately  equal  to  the 
amount  of  rhodium  and  does  not  exceed  1  ml.  Thus,  in  order  to  determine  0.003-0.015-  mg,  0.015-0.075  mg, 
and  0.075-  0.30  mg  of  Rh  it  is  necessary  to  use  solutions  containing  0.08  mg/ ml,  0.4  mg/ ml,  and  2.0  mg/ml  of 
reagent  respectively. 

It  is  not  convenient  to  titrate  small  amounts  of  rhodium  since,  under  such  conditions,  a  weak  color  obtained 
by  the  interaction  of  rhodium  with  SnCl2  i*  observed,  and  it  is  difficult  to  establish  the  endpoint.  Titration  of 
rhodium  in  amounts  greater  than  that  indicated  above  is  impossible,  since  a  large  amount  of  precipitate  is  ob¬ 
tained  which  does  not  dissolve  completely  in  the  dichloroethane  and  partly  collects  at  the  interface. 

NaCl  in  amounts  of  0.1  to  0.5  mg/ ml  does  not  affect  the  titration  results. 

As  a  result  of  this  preliminary  work  the  following  technique  is  suggested  for  determination  of  rhodium  In 
a  solution  of  its  complex  chloride. 

Technique.  The  solution  of  the  complex  chloride  of  rhodium  (0.003-0.3  mg  Rh)  is  placed  in  a  small  beaker 
which  is  placed  on  a  water  bath,  excess  hydrochloric  acid  is  removed  by  evaporating  the  solution  3-4  times  to 
dryness,  the  residue  being  dissolved  up  each  time  in  hot  water.  1  ml  of  aqueous  NaCl  containing  0.3  mg/ml 
is  placed  in  the  beaker  beforehand  in  order  to  prevent  hydrolysis. 

The  dry  residue  is  finally  washed  with  2.5  ml  of  0.90  N  hydrochloric  acid  into  a  test  tube  with  a  ground 
glass  stopper  (diameter  of  stopper  20  mm,  length  110  mm);  to  the  solution  is  added  0.5  ml  of  1  M  SnCl2  in  0.90 
N  HCl  and  the  whole  heated  by  placing  the  test  tube  in  a  beaker  of  boiling  water  for  10  minutes;  it  is  then 
cooled  and  10  ml  of  dichloroethane  added ;  the  solution  is  finally  titrated  with  an  aqueous  solution  of  sodium 
piperidinedithiocarbamate  of  the  appropriate  concentration. 

The  sodium  piperidinedithiocarbamate  solution  is  added  gradually  in  small  aliquots  (0.05-0.1  ml),  the  test 
tube  being  stoppered  after  addition  of  each  aliquot  and  vigorously  shaken  (10-15  times)  so  that  the  precipitate 
which  is  formed  in  the  form  of  a  yellow  turbidity  in  the  aqueous  layer  is  completely  transferred  into  the  dichloro¬ 
ethane  layer. 

The  titration  end  point  is  that  point  at  which  the  aqueous  layer  becomes  colorless;  it  is  established  by  com¬ 
paring  the  aqueous  layer  with  a  test  tube  filled  with  water  against  a  white  background. 

The  sodium  piperidinedithiocarbamate  solution  is  standardized  against  a  solution  of  rhodium  of  known 
strength.  The  SnCl2  solution  should  be  clear.  In  order  to  get  such  a  clear  solution,  after  the  SnCl2  has  been  dis¬ 
solved  the  solution  is  allowed  to  stand  for  several  hours,  after  which  it  is  filtered  free  from  hydrolysis  products. 

A  solution  prepared  in  this  way  is  suitable  for  use  for  5-6  days. 

All  the  platinum  metals  interfere  with  the  titration.  A  fresh  solution  of  carbamate  which  has  not  stood  for 
more  than  5-6  days  should  be  used  for  titration. 
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TABLE  1 


Rhodiu 

taken- 

ml 

m 

mg 

Reagent 

usea.ml 

Rhod¬ 

ium 

found, 

mg 

Absolute 
error  ^  mg  | 

irror, 

1o 

Notes 

0,70 

0,(>0 

0,/i0 

0,20 

0,3120 

0,2670 

0,1780 

0,0890 

0,42 

0.35 

0,25 

0,12 

0,3120 

0,2590 

0,1870 

0,0890 

±0,0000 
-0,0080 
-1  0,0090 
i0,(K)00 

E|9 

Rhodium  concentra 
tion  0.445  mg/  ml 
Reagent  concentra¬ 
tion  20  mg/  ml 

1,00 

0,80 

0.60 

0,/i0 

0,20 

0,0890 

0.0712 

0,0534 

0,0356 

0,0178 

0,60 

0,48 

0,36 

0,23 

0,12 

■ 

±0,0000 

±0,0000 

±0,0000 

—0,0005 

±0,0000 

1 

Rhodium  conc^tra 
tion  0.089  mg/ ml 
Reagent  concentra  - 
tion  4.0  mg/ ml 

t,00 

0,70 

0,60 

0,40 

0,20 

0,15 

0,0178 

0,0125 

0,0108 

0,0072 

0,0036 

0,0027 

0,61 

0,41 

0,36 

0,25 

0,12 

0,08 

0,0181 

0,0122 

0,0107 

0,0074 

0,0036 

0,0024 

f 0,0003 
—0,0003 
-0,0001 
1-0,0002 
±0,0000 
—0,0003 

1.7 
2,4 
0.9 

2.8 
0,0 

11,1 

Rhodium  concentra 
tion  0.0178  mg/ ml 
Reagent  concentra¬ 
tion  0.8  mg/ ml 

Results  of  determinations  of  rhodium  by  means  of  sodium  piperidinedithiocarbamate  are  given  in  Table  1. 

On  titrating  platinum  and  palladium  with  sodium  piperidinedithiocarbamate,  results  were  obtained  which 
were  similar  to  those  obtained  by  Pollard  on  titrating  with  sodium  diethyldithiocarbamate.  Titration  of  platinum 
and  palladium  with  sodium  piperidinedithiocarbamate  does  not  increase  the  sensitivity  of  a  determination  as 
compared  with  determination  of  Pt  and  Pd  with  sodium  diethyldithiocarbamate. 


SUMMARY 

A  method  is  described  for  the  determination  of  small  amounts  of  rhodium  (0.003-0.3  mg)  in  solutions  of 
its  complex  chlorides;  it  is  based  on  extraction  titration  with  sodium  piperidinedithiocarbamate  of  the  red 
colored  interaction  product  of  Rh  and  SnClj. 


LITERATURE  CITED 

[1]  W  JV.E.  McBryde,  Analyst  80.  503  (1955). 

[2]  E.  B.  Sandell,  Colorimetric  Determination  of  Traces  of  Metals,  [Russian  Translation]/Goskhlmizdat, 
Moscow -Leningrad,  1949)  p.  384  and  p.  405. 

[3]  N.  J.  Kember  and  R.  A.  Wells,  Analyst  80,  735,  955  (1955). 

[4]  B.  S.  Berman  and  W.A.E.  McBryde,  Analyst  81,  566  (1956). 

[5]  N.  A.  Figurovskii,  Bull.  Platinum  Division  Inst,  Gen.  and  Inorg.  Chem.  Acad.  Sci.  USSR,  No.l5  (Izd 
AN  SSSR,  Moscow -Leningrad,  1938)  p.  129. 

[6]  L.  Wohler  and  A.  Y.  Spensee,  Z.  Chem.  Ind,  Kolloide  7,  249  (1909). 

[7]  G.  H.  Aures  and  A,  S.  Meyer,  Analyt,  Chem,  23,  299  (1951), 

[8]  G,  A,  Aures  and  A,  S,  Meyer,  Analyt,  Chem.  25,  1622  (1953). 

[9]  W.  B.  Pollard,  Bull.  Inst.  Mining  Met.  N  400,  9  (1938). 

[10]  W.  B.  Pollard,  Analyst,  67,  184  (1949). 


647 


[11]  W.  B.  Pollard,  Bull.  Inst.  Mining  Met.  N  406,  11  (1938). 

[12]  L.  Wohler,  Chemiker-Ztg  31,  938  (1907). 

[13]  K,  Gleu  and  R.  Schwab,  Angew.  Chemie  62,  320  (1950). 


Received  March  24,  1958. 


648 


DETERMINATION  OF  FREE  SULFUR  BY  ITS  REDUCTION  TO  HYDROGEN 
SULFIDE 


I.  I.  Volkov 

Institute  of  Oceanology,  Acad.  Sci.  USSR,  Moscow 


The  two  most  widely  used  methods  at  the  moment  for  the  determination  of  free  sulfur  are  the  sulfite  and 
cyanide  methods.  The  sulfite  method  [1]  gives  good  results  when  the  test  material  contains  relatively  large 
amounts  of  free  sulfur.  For  sulfur  contents  below  0.05  '^o  its  determination  becomes  difficult.  The  cyanide  meth¬ 
od  is  usually  used  for  small  amounts  [2-7],  There  are  other  methods  [8-11]. 

During  sulfate  determination  by  reduction  of  the  sulfate  to  hydrogen  sulfide  by  means  of  divalent  tin  and 
phosphoric  acid,  we  noticed  that,  simultaneously,  as  an  intermediate  product,  elemental  sulfur  is  formed  [12]. 
Since  the  iodometric  determination  of  hydrogen  sulfide  is  very  accurate,  it  was  of  interest  to  establish  the  pos¬ 
sibility  of  reducing  free  sulfur  to  HjS  by  the  method  indicated,  so  that  the  iodometric  finish  could  be  used.  For 
this  purpose  a  solution  of  chemically  pure  sulfur  in  acetone  was  prepared,  known  amounts  of  this  solution  were 
then  taken  by  means  of  an  accurate  pipet,  and,  after  careful  removal  of  the  acetone  on  a  gently  boiling  water 
bath,  the  sulfur  was  determined  as  indicated  previously  [12].  Quantitative  results  were,  however,  not  obtained 
when  such  a  technique  was  adopted.  The  reason  for  this  is  that  on  heating  above  100"  the  vapors  which  are 
liberated  take  some  of  the  free  sulfur  which  has  not  yet  been  reduced  to  H2S  with  them  this  sulfur  is  then  de¬ 
posited  on  the  walls  of  the  apparatus  used  for  reduction  and  is  not  returned  to  the  sphere  of  the  reaction.  Obvious¬ 
ly,  the  small  amounts  of  elemental  sulfur  which  are  formed  as  an  intermediate  product  during  reduction  of  sul~ 
fates, on  account  of  their  high  dispersivity,  and  apparently  amorphous  state,  react  very  rapidly  to  be  converted 
into  hydrogen  sulfide,  while  sulfur  in  the  form  of  even  very  fine  crystals  is  reduced  more  slowly  to  HjS  and  is 
partially  carried  off  by  the  liberated  vapors.  Thus,  determination  of  elemental  sulfur  by  direct  reduction  to  hy¬ 
drogen  sulfide  with  divalent  tin  and  phosphoric  acid  is  impossible. 

In  order  to  make  such  a  method  possible,  it  is  necessary,  after  extracting  the  sulfur  with  acetone,  to  choose 
conditions  which  will  ensure  its  rapid  conversion  to  sulfate  with  subsequent  reduction  of  the  latter  to  HjS. 

Kiba,  Akaza,  and  Sugishita  [13]  while  determining  sulfur  in  thiosulfate  and  thiocyanate  by  reduction  with 
divalent  tin  and  phosphoric  acid,  also  established  that  it  is  necessary  to  oxidize  the  sulfur  of  the  compounds  in¬ 
dicated  into  sulfate. 

A  solution  of  chemically  pure  sulfur  in  acetone  containing  0.205  mg  of  S  per  ml  was  prepared.  An  ac¬ 
curately  measured  aliquot  of  this  solution  was  pipetted  into  a  50  ml  beaker,  and  the  acetone  carefully  removed 
(without  boiling  it)  on  a  heated  water  bath.  In  order  to  oxidize  the  free  sulfur  to  sulfate  the  dry  residue  was 
treated  in  the  beaker  with  a  solution  of  bromine  in  CCI4  and  nitric  acid.  After  removal  of  the  nitric  acid  by 
evaporating  with  hydrochloric  acid,  the  contents  of  the  beaker  were  transferred  into  a  quartz  holder  in  which  the 
reduction  was  to  be  carried  out;  some  potassium  chloride  was  added  and  the  whole  evaporated  to  dryness  on  a 
water  bath  and  the  reduction  then  carried  out  as  described  previously  [12], 

As  the  results  given  in  Table  1  show  ,  oxidation  of  elemental  sulfur  to  sulfate  with  subsequent  reduction 
of  the  latter  to  hydrogen  sulfide  is  quantitative.  This  method  was  accordingly  used  for  determination  of  free 
sulfur  in  some  samples  of  natural  sulfur-containing  materials. 


An  aliquot  of  rock  weighed  out  on  an  analytical  balance  was  placed  in  a  paper  thimble  which  was  then 
placed  inside  the  case  of  a  Chervyakov  extraction  apparatus.  Free  sulfur  was  extracted  with  acetone  for  not  less 
than  16  hours.  The  acetone  extract  was  transferred  to  a  50  ml  standard  flask  and  the  volume  made  up  to  the 
mark  with  acetone. 


TABLE  1 


Sulfur,  mg 

Sulfur,  mg 

taken 

found 

error 

1 

taken 

found 

error 

5,12 

5,08 

-0,04 

1,02 

0,98 

-0,04 

5,12 

5,10 

-0,01: 

0,41 

0,39 

-0,02 

2,05 

2,03 

—0,02 

0,41 

0,41 

±0,00 

2,05 

2,04 

—0,01 

0,10 

0,11 

±0,01 

1,02 

0,98 

-0,04 

0,10 

0,12 

±0,02 

Since  the  sulfur-containing  rock  often  contains  gypsum 
(Middle  Volga)  the  possibility  is  not  excluded  that  very  small 
particles  of  gypsum  may  get  into  the  acetone  extract.  Accord¬ 
ingly,  it  is  advisable  to  allow  the  acetone  solution  to  stand  in 
the  standard  flask  for  some  time  and  an  aliquot  carefully  pip¬ 
etted  out.  The  aliquot  was  transferred  into  a  small  beaker  and 
evaporated  to  dryness  on  a  heated  water  bath.  The  procedure 
subsequently  adopted  for  preparing  the  solution  and  for  carry¬ 
ing  out  the  determination  is  described  below.  The  presence 
of  free  sulfur  in  the  first  four  samples  was  established  before¬ 
hand  by  the  sulfite  method. 


TABLE  2 

Sulfur  found,  % 

by  the  byTedu^lon 
“> 

Sulfur-containing  calcite (Middle Volga)  3,08* 

Sulfurized  ash  tutf  (Kamchatka)  I’oS* 

Sulfur -con tairting  rock  (Kara-Kum)  o’87* 

Sulfur-containing  rock  (Kara-Kum)  0,094* 

Black  silt  (Black  Sea)  0,10** 

Grey  silt  (Black  Sea)  0,06** 

The  same  0,05** 

•  Sulfite  method 

•  •Gravimetric  method 

Determination  of  free  sulfur  in  samples  of  sea  silt  was  carried  out  on  the  residue  left  after  treating  the  test 
sample  with  dilute  hydrochloric  acid  on  heating  in  a  current  of  CO2,  and  with  subsequent  filtration  for  removal 
of  sulfides  and  sulfates  as  described  before  [4].  The  residue  left  after  filtration  was  placed  in  a  desiccator  and  the 
free  sulfur  extracted  with  acetone.  In  parallel,  the  free  sulfur  was  also  determined  gravlmetrlcally  in  the  same 
samples  on  another  aliquot  of  their  acetone  extracts. 

As  is  evident  from  Table  2,the  results  are  fully  satisfactory. 

On  the  basis  of  the  research  carried  out,  the  following  analytical  procedure  can  be  recommended. 

An  aliquot  of  test  material  placed  in  a  paper  thimble  was  introduced  into  the  sleeve  of  a  Chervyakov  ex¬ 
traction  apparatus.  The  thimble  was  covered  with  a  small  filter  paper  with  a  broken  tip  in  order  to  prevent  pos¬ 
sible  splashing  when  the  condensate  drips  from  the  condenser. 

During  analysis  of  materials  containing  sulfide  and  sulfate  sulfur  in  addition  to  free  sulfur  (various  silts-sea, 
estuary,  lake)  the  sulfide  and  sulfate  should  be  removed  beforehand  by  treating  with  dilute  HCl  in  a  stream  ot 
COj  on  heating,  as  described  by  Ostroumov  [4]. 

The  sample  placed  in  the  thimble  of  the  extraction  apparatus  was  covered  with  acetone  which  had  been 
dried  and  redistilled  beforehand,  and  more  acetone  added  so  that  the  whole  was  drained  down  into  the  flask;  the 
sample  was  then  extracted  with  acetone  on  a  gently  boiling  water  bath  for  not  less  than  16  hours.  Where  it  was 
necessary  to  interrupt  the  extraction,  it  was  essential  to  make  sure  that  the  paper  thimble  containing  the  sample 
was  kept  covered  with  acetone  in  order  to  protect  the  material  from  oxidation.  When  extraction  was  complete. 


3,10 

1,99 

0,85 

0,09 

0,10 

0,06 

0,05 


Test  material 


the  acetone  solution  was  transferred  to  a  standard  50  ml  flask,  after  removing  excess  acetone  by  evaporation;  the 
volume  was  made  up  to  the  mark  with  acetone.  The  acetone  solution  was  left  to  stand,  and  an  aliquot  part  taken 
without  disturbing  the  small  amount  of  precipitate  which  was  sometimes  present;  the  aliquot  was  pipetted  into  a 
50  ml  beaker.  Beaker  plus  acetone  solution  were  placed  on  a  heated  water  bath  and  the  solution  carefully  evapor¬ 
ated  to  dryness  without  letting  the  acetone  boil. 

The  free  sulfur  was  oxidized  to  sulfate  by  Allen  and  Bishop’s  method  [14].  To  do  this  the  beaker  was  re¬ 
moved  from  the  bath  and  allowed  to  cool;  the  residue,  after  removal  of  the  acetone,  was  treated  with  2-3  ml  of 
a  solution  of  bromine  in  CCI4  (2  parts  Brj  and  3  parts  CCI4  by  volume)!  the  beaker  was  covered  with  a  watch 
glass  and  was  left  at  room  temperature  for  10-15  minutes  (during  this  time  it  was  given  an  occasional  swirl).  5 
ml  of  concentrated  nitric  acid  was  added  and  the  beaker  and  its  contents  allowed  to  stand  for  a  10-15  minutes  fur¬ 
ther.  Without  removing  the  watch  glass,  the  beaker  was  then  placed  on  a  closed,  water  bath,  and  carefully 
heated  to  remove  most  of  the  bromine.  The  watch  glass  was  removed,  the  beaker  was  then  placed  in  one 
of  the  holes  in  the  water  bath  and  its  contents  evaporated  to  dryness. 

In  order  to  remove  the  nitric  acid  completely  the  dry  residue  in  the  beaker  was  treated  with  3  ml  of  HCl 
and  again  evaporated  to  dryness.  Not  more  than  0.1  g  of  KCl  (chemically  pure)  was  added  to  the  beaker  on  the 
tip  of  a  spatula  for  facilitating  subsequent  reduction,  another  3  ml  of  HCl  was  added,  and  again  the  contents  of 
the  beaker 'were  evaporated  to  dryness.  The  dry  residue  was  treated  with  a  few  drops  of  hydrochloric  acid  and 
heated  on  a  water  bath,  the  contents  of  tte  beaker  were  then  transferred  into  the  holder  of  the  reduction  appara¬ 
tus,  and  bottom  and  walls  of  the  beaker  were  washed  with  hot  water  from  a  washer.  The  holder  of  the  apparatus 
was  placed  in  one  of  the  holes  on  the  water  bath  and  the  contents  evaporated  to  dryness. 

To  the  dry  residue  in  the  holder  was  added  8  ml  of  reducing  mixture  (to  the  mark  on  the  holder),  and  the 
holder  placed  in  the  reducing  apparatus  which  had  been  filled  beforehand  with  COj;  CO  j  was  bubbled  through 
the  apparatus  for  a  further  4-5  minutes  and  heating  then  started.  The  temperature  was  gradually  taken  up  to 
300*  and  the  apparatus  kept  at  this  temperature  for  25-30  minutes  for  complete  reduction  of  sulfate  to  hydrogen 
sulfide  as  described  before  [12], 

The  liberated  hydrogen  sulfide  was  absorbed  with  cadmium  acetate  solution.  When  reduction  was  complete 
the  suspension  of  cadmium  sulfide  obtained  was  poured  into  an  acidified  0,01  N  I2  solution.  Excess  iodine  was 
titrated  with  0.01  N  Na2S203  solution. 

1  ml  of  0.01  N  I2  is  equivalent  to  0.00016  g  S. 

In  conclusion,  I  should  like  to  thank  E.  A.  Ostroumov  for  his  valuable  advice. 


SUMMARY 

A  method  is  suggested  for  the  determination  of  free  sulfur ;  it  is  based  on  reduction  to  hydrogen  sulfide  of 
the  sulfate  obtained  by  oxidizing  the  elemental  sulfur  which  has  been  extracted  with  acetone. 

The  method  has  been  checked  on  a  standard  solution  of  sulfur  in  acetone,  on  rocks  containing  free  sulfur, 
and  on  Black  Sea  silt. 
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SEPARATION  OF  SELENIUM  AND  TELLURIUM 

V.  I.  Plotnikov 

All-Union  Scientific -Research  Mining -Metallurgical  Institute 
of  Nonferrous  Metalsi  Ust  Kamenogorsk 


In  its  sexivalent  state  selenium  is  hardly  coprecipitated  at  all  with  ferric  hydroxide  in  an  ammoniacal 
medium  at  a  pH  of  8  and  higher.  Quantitative  separation  of  selenate  ions  from  solution  is  only  possible  within 
the  pH  limits  of  the  begining  of  complete  precipitation  of  ferric  hydroxide,  i.e.,up  to  a  pH  of  6  [1],  No  published 
information  could  be  found  on  the  coprecipitation  of  sexivalent  tellurium  with  ferric  hydroxide,  although  it  is 
known  that  quadrivalent  tellurium  can  be  separated  quantitatively  with  lead  hydroxide  from  solution.  [2], 

In  the  work  described  here  we  decided  to  establish  how  completely  sexivalent  tellurium  can  be  separated 
with  ferric  hydroxide  under  conditions  which  are  not  favorable  for  coprecipitation  of  the  selenate  ion,  and  to 
study  the  possibility  of  separating  selenium  and  tellurium. 

Coprecipitation  of  tellurium  with  ferric  hydroxide.  Coprecipitation  cf  tellurium  was  studied  by  means  of 
its  radioactive  isotope -tellurium  127  [3],  For  this  purpose  a  solution  containing  the  radioactive  isotope  of  tel¬ 
lurium  was  prepared  by  dissolving  metallic  tellurium  in  nitric  acid  1:1.  The  relative  specific  activity  of  this 
solution  in  terms  of  elemental  tellurium  corresponded  to  123  000  impulses/ minute/ mg.  In  addition,  a  tellurium 
solution  free  from  the  radioactive  isotope  was  prepared.  The  activity  of  the  solutions  was  measured  in  glass 
cuvettes  placed  directly  in  a  type  AS-1  counter  connected  by  a  cable  with  a  type  B-2  radiometer.  Usually,  it 
did  not  exceed  1200-1500  impulses/ minute.  The  pH  of  the  solution  was  determined  on  a  LP-5  potentiometer 
with  a  glass  electrode. 

First  of  all,  several  experiments  were  carried  out  on  a  study  of  the  coprecipitation  of  tellurium  oxidized 
to  tellurous  acid.  The  experiments  were  carried  out  as  follows.  Into  a  250  ml  conical  flask  was  introduced  a 
solution  of  ferric  nitrate  containing  15  mg  Fe.  To  this  solution  was  added  a  solution  of  tellurous  acid  in  nitric 
acid,  ammonium  nitrate  (coagulant). and  water.  The  total  volume  of  solution  was  about  50  ml,  while  the  NH^^Os 
concentration  was  0.5  N,  The  amount  of  tellurium  was  varied.  To  a  sample  prepared  in  this  way  was  added  4-5 
ml  of  concentrated  ammonia.  The  solution  plus  precipitate  of  ferric  hydroxide  were  shaken  by  hand  and  then 
filtered. 

The  precipitate  on  the  frlter  and  on  the  flask  walls  was  washed  with  an  ammoniacal  solution  of  ammonium 
nitrate.  The  filtrate  and  wash  liquors  were  transferred  into  a  standard  flask  from  which  an  aliquot  was  taken  for 
measuring  the  activity. 

The  pH  of  the  solution  was  measured  in  the  filtrate  before  washing  the  precipitate.  The  amount  of  co- 
precipitation  (in  %)  was  calculated  from  the  amount  of  tellurium  in  solution.  Both  in  this  case  and  in  subsequent 
experiments,  control  tests  were  carried  out  in  which  the  activity  of  the  dissolved  precipitate  was  measured.  As 
a  rule,  the  total  activity  of  the  precipitate  and  frltrate  plus  wash  liquors  corresponded  to  the  amount  of  activity 
introduced.  The  deviation  did  not  exceed  permissible  experimental  errors.  Results  of  the  experiments  on  copre¬ 
cipitation  of  tellurium  (IV)  are  given  in  Table  1, 

In  a  similar  fashion  the  coprecipitation  of  tellurium  in  the  form  of  telluric  acid  with  ferric  hydroxide 
was  studied.  The  telluric  acid  was  prepared  by  oxidation  of  tellurous  acid  with  excess  0.25  N  potassium  perman¬ 
ganate,  Potassium  permanganate  was  used  as  the  oxidizing  agent  because  it  completely  oxidizes  both  tellurous 
and  selenous  acid  into  telluric  and  selenic  acids  [4], 
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TABLE  1 

Coprecipitation  of  Tellurium  (LV)  with 
Ferric  Hydroxide 


Telluriuir 
taken, mg 

pH 

Tellurium  coprecipi- 
_tated 

mg 

% 

0,025 

9,50 

0,025 

100 

0,050 

9,00 

0,049 

98 

0,100 

9.52 

0,100 

100 

0,250 

9,59 

0,250 

100 

0,500 

9, '15 

O.-IOO 

100 

1,000 

9,49 

1,000 

100 

1,500 

9,65 

1 ,488 

99,2 

TABLE  2 

Coprecipitation  of  Tellurium  (VI)  with 
Ferric  Hydroxide 


Re$ults  of  the  experiments  on  the  coprecipitation  of 
sexivalent  tellurium  are  given  in  Table  2, 

From  Tables  1  and  2  it  is  evident  that  tellurite  and 
tellurate  ions  can  be  isolated  to  the  same  extent  fairly  com¬ 
pletely  with  ferric  hydroxide  from  solution  at  a  pH  of  9.4-9. 7. 

Coprecipitation  of  sexivalent  selenium  with  ferric  hy- 
droxide.  Since  coprecipitation  of  small  amounts  of  selenous 
acid  had  been  studied  previously  [1],  on  this  occasion  it  was 
decided  to  study  the  coprecipitation  of  somewhat  larger 
amounts  of  it. 

The  relative  specific  activity  of  the  solution  of  selenous 
acid  prepared  corresponded,  in  terms  of  elemental  selenium, 
to  3860  impulses /minute /mg.  The  relative  error  in  measur¬ 
ing  the  activity  did  not  exceed  +  2%.  Selenous  acid  not  con¬ 
taining  any  of  the  radioactive  isotope  was  used  as  an  additive. 
The  order  in  which  the  operations  were  carried  out  and  the 
conditions  used  were  the  same  as  those  used  in  the  case  of 
sexivalent  tellurium. 


Tellurium 
taken,  mg 

pH 

Tellurium  copre¬ 
cipitated 

mg 

1o 

0,025 

9,68 

0,025 

100 

0,050 

9,64 

0,050 

100 

0,100 

9,63 

0,099 

99,0 

0,250 

9,60  * 

0,248 

99,2 

0,500 

9,67 

0  500 

100 

1,000 

9,45 

0,997 

99,7 

1,500 

9,63 

1,500 

100 

It  is  clear  from  Table  3  that  with  increasing  concentra¬ 
tion  of  selenium  in  solution,  the  absolute  amount  of  selenium 
( VI)  coprecipitated  also  increases.  However,  the  relative  per¬ 
centage  coprecipitation  does  not  change  basically. 

Coprecipitation  of  selenium  and  tellurium  in  each 
other* s  presence.  In  the  first  series  of  experiments,  solutions 
of  selenous  and  tellurous  acid  were  mixed  in  definite  propor¬ 
tions;  one  of  the  components  of  these  mixtures  contained  a 
radioisotope.  Subsequent  operations  were  similar  to  those 
described  above.  In  the  second  series  of  experiments,  while 
the  ratio  of  Se:Te  and  the  other  conditions  were  kept  constant, 
the  appropriate  radioisotope  of  the  other  acid  was  used. 


TABLE  3 

Coprecipitation  of  Selenium  (VI)  with 
Ferric  Hydroxide 


Selenium 
taken, mg 

pH 

Selenium  copre¬ 
cipitated 

mg 

% 

2,0 

9,64 

0,025 

1,24 

10,0 

9,75 

0,129 

1,29 

20,0 

9,43 

0,192 

0,96 

50,0 

9,58 

0,530 

1,06 

150,0 

9,52 

2,06 

1,37 

It  is  clear  from  Table  4  that  at  a  pH  of  9.5 -9.7  sexival¬ 
ent  selenium  is  almost  all  found  in  solution,  while  the  tellur¬ 
ium  (VI)  is  quantitatively  removed  by  the  ferric  hydroxide 
precipitate.  Thus,  it  should  be  possible  to  separate  tellurium 
and  selenium.  The  present  method  can  be  used  for  concen¬ 
trating  small  amounts  of  tellurium  during  the  analysis  of 
black  selenium,  and,  possibly,  for  purifying  selenium  from 
tellurium.  Where  more  complete  separation  is  necessary,  one 
could  resort  to  a  second  precipitation,  i.e.,  the  Ferric  Hydroxide 
is  dissolved  in  nitric  acid  and  the  iron  precipitated  again  in 
the  presence  of  potassium  permanganate. 

The  use  of  other  metal  hydroxides  (instead  of  ferric  hy¬ 
droxide)  for  separating  selenium  and  tellurium  is  not  desirable, 
since  selenium  (VI)  is  coprecipitated  to  an  appreciable  extent 
with  lead  and  bismuth  hydroxides,  while  complete  coprecipita¬ 
tion  of  tellurium  cannot  be  effected  with  beryllium,  aluminum, 
and  titanium  hydroxides. 
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TABLE  4 

Coprecipitation  of  Se(VI)  and  Te(VI)  in  Each  Other’s 
Presence 


Taken, 

,mg 

Ratio 

Te  Touhd'ifT  the 
precipitate 

Se. found  in  the 
precipitate 

Te 

Se 

Te;Se 

%  1 

mg 

1o 

mg 

15,0 

5,0 

3 

99,8 

14,97 

1,46 

0,07 

10.0 

5,0 

2 

99,8 

9,98 

1,04 

0,05 

5,0 

5,0 

1 

99,7 

4,99 

1,22 

0,06 

2,5 

5,0 

0,5 

99,6 

2,49 

0,52 

0,03 

0,1 

5,0 

0,02 

100,0 

0,10 

0,94 

0,05 

0,1 

10,0 

0,01 

99,9 

0,099 

0,62 

0,06 

0,1 

25,0 

0,004 

100,0 

0,10 

1,72 

0,43 

0,1 

50,0 

0,002 

99,9 

0,099 

1,20 

0,60 

0,1 

100,0 

0,001 

100,0 

0,10 

1,14 

1,14 

0,02 

200,0 

0,0001 

100,0 

0,02 

1.35 

2,70 

SUMMARY 

A  method  suggested  for  separating  selenium 
and  tellurium  is  based  on  selective  coprecipitation 
of  tellurium  (VI)  with  ferric  hydroxide  in  a  strong¬ 
ly  ammoniacal  solution.  Selenium  (VI)  Is  hardly 
precipitated  at  all  with  ferric  hydroxide  under  these 
conditions. 
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CHEMICO -SPECTROGRAPHIC  ANALYSIS  OF  HIGH  PURITY  ALUMINUM 


A,G,  Karabash,  Sh.  I,  Peizulaev,  R.  L.  Slyusareva, 
and  V.  M.  Meshkova 


Modern  industry  produces  aluminum  with  a  purity  of  99,998% [1-4]  and  even  99.9995%  A1  [5],  For  control¬ 
ling  the  production  of  material  of  such  quality,  use  is  made  of  the  most  sensitive  methods  of  chemical  analysis 
[6-14],  radioactivation  analysis  [15  -17],  and,  in  particular,of  spectrographlc  methods  [6,  18,  19].  In  order  to 
increase  the  sensitivity  of  the  spectrographic  analysis  of  aluminum,  various  methods  of  concentrating  the  impur¬ 
ities  are  adopted.  The  physical  enrichment  method  consists  in  evaporating  the  readily  volatile  impurities  under 
vacuum  and  condensing  them  on  the  face  of  a  copper  or  graphite  electrode  [20],  A  number  of  methods  have  been 
described  for  the  chemical  concentration  of  impurities  during  analysis  of  high  purity  aluminum,  e.g.;  separation 
of  traces  of  rare  earths  on  a  carrier —lanthanum  [20];  successive  precipitation  of  impurities  with  thioacetamide, 
ammonium  pyrrolidinedithiocarbamate,  and  thionalide  using  thallium  as  collector  [21];  extraction  of  impurities 
with  organic  solvents  and  with  ammonium  pyrrolidinedithiocarbamate  and  dithizone  [22],  For  this  purpose  the 
group  reagents  indicated  should  be  of  the  highest  purity. 

The  chemico-spectrographical  method  described  below  for  the  analysis  of  aluminum  and  its  compounds 
consists  in  chemical  concentration  of  the  impurities,  followed  by  their  subsequent  spectrographic  determination. 

The  impurities  are  concentrated  by  removing  aluminum  by  precipitating  it  in  the  form  of  the  chloride 
Aids  •  6H2O  with  gaseous  hydrogen  chloride.  During  this  process  the  impurities  ate  concentrated  in  the  mother 
liquor  in  which  a  little  aluminum  also  stays.  After  reprecipitating  the  precipitate  twice,  the  combined  mother 
liquors  are  evaporated  with  nitric  acid,  the  residue  is  calcined,and  a  concentrate  of  the  impurities  is  obtained  on 
a  AI2O3  base.  At  the  same  time,  a  sample  is  prepared  without  enrichment;  this  is  carried  out  by  converting  the 
sample  into  the  nitrate,  and  then  into  aluminum  oxide;  this  coincides  with  the  final  stage  in  the  preparation  of 
the  concentrate.  Standards  are  also  prepared  on  an  aluminum  oxide  basis.  Control  tests  are  carried  out  during 
the  chemical  preparation  of  samples  and  concentrated  in  order  to  take  into  account  any  contamination  of  the 
reagents  used. 

Spectrographic  determination  of  the  impurities  is  carried  out  on  a  ISP -22  spectrograph;  the  spectra  being 
excited  in  a  d.c.  arc  between  carbon  electrodes.  20  elements  are  determined  simultaneously:  Be,  Mg,  Ca,  Ba, 

Ti,  V,  Mo,  Mn,  Fe,  Co,  Ni,  Cu,  Ag,  Zn,  Cd,  Sn,  Pb,  Sb,  Bi,  In.  The  sensitivity  of  the  method  is  10-^-10"®% 
(Table  1),  The  increase  in  sensitivity  following  upon  concentrating  the  impurities  is  shown  in  Fig.  1,  The  ac¬ 
curacy  of  the  method  is  characterized  by  a  relative  error  of  ±  20%  on  an  average. 

Spectrographic  analysis  of  samples  without  enrichment  of  the  impurities  can  be  used  independently  for 
controlling  the  production  of  less  pure  marks  of  aluminum. 

Concentration  of  impurities.  The  method  of  separating  aluminum  from  other  elements  by  precipitating  it 
as  aluminum  chloride  hydrate  on  saturating  a  hydrochloric  acid  solution  with  gaseous  hydrogen  chloride  is  very 
selective,  and  has  long  been  used  both  for  preparing  pure  samples  of  aluminum  chloride  [23-26],  and  for  the 
quantitative  separation  and  determination  of  aluminum  [25,27].  In  the  latter  instance,  various  authors  have  pre¬ 
cipitated  aluminum  chloride  by  saturating  with  hydrogen  chloride  hydrochloric  acid  solutions  mixed  with  ether 
or  acetone.  Under  such  conditions  it  has  been  found  possible  to  separate  aluminum  from  Be,  Ca,  Mn,  Fe,  Co,  Cu, 
Zn,  Hg,  and  Bi  [23-27],  A  description  has  been  given  of  the  application  of  this  technique  for  the  chemical  anal¬ 
ysis  of  aluminum  and  its  alloys  for  their  content  of  certain  impurities,  e.g.  .beryllium  [7,28]. 
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Fig.  1.  Comparison  of  the  spectrogram  of  aluminum  (a)  with  a  spectrogram  of  a 
concentrate  of  the  impurities  (b)  for  an  enrichment  coefficient  k  =  30  (the  im¬ 
purities  were  introduced  artificially). 


TABLE  1 

Sensitivity  of  the  Method  and  the  Analytical  Lines  Used 


Ele¬ 

ments 

Sensitivity  obtained 

Analytical 
lines,  A 

Ele¬ 

ments 

Sensitivity  obtained: 

Analytical 
lines,  A 

enrichment 

coefficient 
k  =  50 

without 

enrich¬ 

ment 

enrichment 
coefficient 
k  =  50 

Be 

3 -10-* 

6.10-3 

2348,6 

Cu 

1.10-* 

5 

10-6 

3247,5 

Mg 

2-10-« 

1.10-3 

2795,5 

Ag 

MO-* 

2 

10-3 

3280,7 

Ca 

3.10-3 

6.10-3 

4226,7 

Zn 

1.10-2 

2 

10-* 

3345,0 

Ba 

210-2 

4.IO-* 

4934,1 

Cd 

3.IO-* 

6 

10-3 

2288,0 

Ti 

3  10-3 

6.10-3 

3234,5 

Pb 

1.10-3 

2 

10-3 

2833,1 

V 

2.10-3 

4.10-3 

3185,4 

Sn 

1.10-3 

2 

10-3 

2840,0 

Mo 

1.10-3 

2.10-3 

3132,6 

Sb 

2.10-3 

4 

10-3 

2598,1 

Mn 

MO-* 

5.10-3 

2794,8 

Bi 

MO-3 

2 

10-3 

3067,7 

Fe 

2-10-3 

4.10-3 

2720,9 

In 

3.10-* 

6 

10-3 

32.56,1 

Co 

2.10-3 

4.10-3 

3412,6 

Cr 

MO-3 

4254,3 

Ni 

2- 10-3 

4.10-3 

3414,8 

Note,  The  values  given  for  the  sensitivity  of  the  determination  of  Mg,  Mn,  Fe,  and  Cu 
take  into  accoimt  the  possibility  that  these  elements  are  present  in  the  control  experi¬ 
ment,  Chromium  was  determined  without  enrichment. 


In  the  chemico-spectrographic  method  of  analyzing  aluminum  developed.there  is  no  need  to  separate  the 
aluminum  quantitatively.  After  precipitation  ofmostofthe  aluminum,  the  small  amount  of  aluminum  remaining 
in  solution  together  with  the  impurities  serves  subsequently  as  a  base  for  the  powdered  concentrate. 

The  solubility  of  aluminum  chloride  is  strongly  depressed  on  increasing  the  HCl  concentration  of  the 
aqueous  solution.  Thus,  in  terms  of  100  g  of  the  saturated  solution  at  25”  the  solubility  in  water  is  34.08  gAlClj. 
while  for  concentrations  of  30.17  and  40.98  g  of  HCl  respectively,  the  solubility  is  2.49  and  0.98  g  AlCl^  [29]. 
The  solubility  of  AlCls  •  6H2P  can  be  depressed  further  by  cooling. 

In  our  experiments,  on  precipitating  AICI3  *  with  gaseous  HCl  while  the  solution  was  cooled  with  a 
mixture  of  ice  and  cooking  salt,  0,5-0.7*70  of  the  aluminum  remained  in  solution,  while  after  a  three  fold  pre¬ 
cipitation  (see  below)  the  amount  that  remained  was  l-5-2‘5i>;for  an  original  aliquot  of  5  g  of  almninum  this 
means  that  75-100  mg  of  A1  as  metal  or  150-200  mg  as  aluminum  oxide  remained  in  solution.  This  amount 
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of  oxide  is  quite  enough  for  spectrographic  analysis.  When  tliis  technique  was  used,  the  enrichment  coefficient 
(the  ratio  of  the  original  aliquot  of  sample  to  the  weight  of  the  concentrate  obtained,  both  in  terms  of  aluminum 
metal)  was  50-70  under  the  conditions  developed. 

The  distribution  of  traces  of  impurities  between  the  solid  and  liquid  phases  during  precipitation  of  AICI3  * 
•6H2P  with  gaseous  hydrogen  chloride  was  studied  with  synthetic  mixtures.  To  solutions  of  spectrographically 
pure  preparations  of  aluminum  chloride  (the  method  for  purifying  which  is  based  on  the  same  principle)  was 
added  known  amounts  of  standard  solutions  of  the  impurity  elements  in  amounts  corresponding  to  10“*-10“®‘7o 
with  respect  to  aluminum.  The  mixtures  were  analyzed  by  the  method  developed.  Each  phase  was  analyzed 
spectrographically;  the  combined  fractions  of  mother  liquor  obtained  after  three  successive  precipitations,  and 
also  the  aluminum  chloride  precipitate  remaining  after  these  precipitations. 

The  purity  of  this  precipitate  was  controlled  both  by  a  direct  spectrographic  method,  and  also  by  repeat¬ 
ing  the  operation  of  concentrating  the  impurities  by  additional  reprecipitation  of  the  precipitate.  Table  2 
contains  as  an  example  the  results  obtained  during  the  analysis  of  two  synthetic  mixtures.  Completeness  of  the 
concentration  of  the  impurities  during  analysis  of  aluminum  was  controlled  by  the  same  method. 

These  experiments  with  synthetic  mixtures  and  samples  in  which  the  various  phases  and  fractions  of  mother 
liquor  wete  controlled,  showed  that  when  the  Aids  •  BHjO  was  precipitated  three  times  with  gaseous  HCl,  the 
following  impurities,  contained  in  the  aluminum  in  trace  amounts,  are  almost  quantitatively  concentrated  in  the 
mother  liquor:  Be,  Mg,  Ca,  Ba,  Ti,  V,  Mo,  Mn,  Fe,  Co,  Ni,  Cu,  Ag,  Zn,  Cd,  Pb,  Sn,  Sb,  Bl,  In.  Extraction  of 
traces  of  the  elements  indicated  into  the  concentrate  (concentration  10“*-10“®)  amounts  to  BS-lOO'y'o. 

Chromium  is  coprecipitated  to  a  significant  extent  with  the  precipitate  of  AICI3  •  6H2O.  The  distribution 
of  chromium  between  the  phases  was  checked  by  means  of  the  radioindicator  Cr®^.  In  these  experiments,  on 
introducing  5  •  10"*  and  5  •10"^%  Cr®^  into  the  aluminum  chloride  solution,  and  after  precipitating  the  AICI3  * 
•6H2O,  it  was  found  that  the  hydrochloric  acid  mother  liquor  contained  4%  and  15%  respectively  of  the  amount 
of  chromium  added.  Coprecipitation  of  chromium  was  also  confirmed  by  measuring  the  6 -activity  of  the  alum¬ 
inum  chloride  precipitate.  This  behavior  of  chromium  can  presumably  be  attributed  to  isomorphous  precipita¬ 
tion  of  Crds  •  BHjO  with  the  precipitate  of  AICI3  *  6H2O,  since  the  crystal  structures  of  these  salts  are  very 
similar  [30]. 

TABLE  2 

Analysis  of  Synthetic  Mixtures  (The  amount  of  impurity  element  present 
is  given  as  a  percentage  of  metallic  aluminum) 


Elements 

Mixture  No.l  (coefficient 
k  =  43-av 

Mixture  No.2  (coefficient 
k  =  481  ^ 

added 

found 

added 

found 

Be 

3.10-5 

2,5.10-5 

310-* 

2,2  10* 

Mg 

1,5.10* 

1,3.10-* 

2,2. 10-5 

2,2.10-3 

Ca 

110-3 

9  10-* 

l.lO-’ 

8.10* 

Ba 

3.IO-* 

2,3.10-* 

MO-3 

8,1  10-* 

Ti 

7,5.10-* 

8  10-* 

MO-8 

7,8.10-* 

V. 

MO-* 

l,M0-« 

5-10-* 

3.3. 10-* 

Mo 

3.10-* 

3,M0-* 

5.IO-* 

6,2.10-* 

Mn 

1 .  lO^'* 

1,3.10-5 

2.10-* 

1,7.10* 

Fe 

3.IO-* 

3.IO-* 

3.10-3 

2.7.10-3 

Co 

1 . 10-* 

9.10*5 

MO-3 

910-* 

Ni 

3  l(»-« 

3,9.10-* 

4,2. 10-3 

3, MO-3 

Cu 

/i.lO-'’’ 

3-10  5 

1,5. 10* 

1,2-10-* 

Ag 

/(.10--> 

4,2.10-8 

4.10-5 

5.10-5 

Zn 

3.IO-* 

2.210-* 

3.10  3 

2,7.10-3 

Cd 

4.10-5 

3.10-5 

3,0.10  * 

2,3.10  * 

Pb 

MO-* 

1,10.10-* 

MO-3 

1,2. 10-3 

Sn 

3.10-5 

2,4.10-5 

3. 10  * 

3,8. 10  * 

Sb 

3.10-5 

2,3- 10-5 

810-* 

MO-3 

Bi 

3.IO-* 

4,3.10  * 

5.10  * 

.^.fi.lO-* 

In 

MO- 5 

MO-5 

M0-* 

MO* 

k*  enrichment  coefficient  of  the  impurity. 
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Using  the  radioindicator  Ag^®  it  was  confirmed 
that  silver  present  as  an  impurity  is  concentrated;  for  a 
content  of  2  •  10"®%  of  Ag  in  a  synthetic  mixture, after 
three  successive  precipitations,  it  was  found  that  the 
mother  liquor  contained  84%  of  the  Ag  introduced. 

Analytical  Procedure 

Preparation  of  the  concentrate.  5  g  of  aluminum 
metal  is  placed  in  a  200  ml  quartz  flask  and  dissolved 
in  100  ml  of  6  N  HCl  to  which  0.2  ml  of  14  N  HNO3  is 
added  in  order  to  dissolve  and  oxidize  the  impurities 
completely.  Gaseous  hydrogen  chloride  is  passed  through 
the  cooled  solution  to  complete  saturation  (40  minutes), 
the  flask  being  cooled  with  ice  or  with  a  mixture  of  ice 
and  cooking  salt.  After  20  minutes  standing  (in  the  cold) 
the  solution  is  carefully  poured  off  the  precipitate.  The 
precipitate  of  AICI3  •  6H2O  is  dissolved  in  70  ml  of  water 
after  which  it  is  reprecipitated  with  gaseous  HCl.  The 
precipitation  is  carried  out  a  third  time.  All  three  mother 
liquors  are  combined  and  evaporated  by  gradually  pouring 
them  into  a  quartz  beaker  of  about  50  ml  capacity  which 
has  been  heated  beforehand  at  550®  and  weighed.  The 
residue  of  the  salts  obtained  is  converted  into  the  nitrates 
by  treating  three  times  with  small  portions  of  14  N  HNO3, 
the  solution  being  evaporated  each  time  to  a  syrupy  state. 
The  nitrates  are  calcined  to  the  oxides  at  550®  and 
weighed.  The  enrichment  coefficient  of  the  impurities 
is  then  calculated:  K  =  m/  0.529  •  m.where  M  is  the 
weight  of  aluminum  metal  taken,  in  g;  m  is  the  weight 
of  the  concentrate  obtained  on  the  AI2O3  as  a  base,  in  g; 
0.529  is  the  factor  for  converting  AI2O3  to  Al. 

In  parallel,  a  control  test  is  carried  out  for  each  batch  of  reagents.  For  this  purpose  the  same  amount  of 
water  and  acids  as  used  for  test  samples  is  placed  in  a  quartz  flask,  and  gaseous  HCl  passed  through  the  solution 
for  the  same  time;  a  solution  of  spectrographically  pure  aluminum  chloride  (or  nitrate)  containing  the  equivalent 
of  100  mg  Al  is  added;  the  solution  is  subsequently  evaporated  and  the  residue  converted  into  the  nitrate,  which 
is  then  calcined  and  finally  weighed.  The  conversion  factor  for  the  blank  is  calculated;  this  is  equal  to  the 
ratio  of  the  original  aliquot  of  the  aluminum  sample  (M)  to  the  amount  of  aluminum  introduced  in  the  control 
experiment. 

Preparation  of  sample  without  enrichment.  Samples  without  enrichment  are  prepared  either  from  an 
aliquot  of  the  hydrochloric  acid  solution  (the  bulk  of  which  is  used  for  preparing  the  concentrate  of  the  imourities), 
or  from  a  separate  aliquot.  If  the  latter  method  is  used  0.5  g  of  aluminum  is  dissolved  in  6  N  HCl, 
and  the  solution  evaporated  three  times  with  14  N  HNO3;  the  dry  residue  is  calcined  for  1  hour  at  550®  to  give 
aluminum  oxide. 

Preparation  of  standards.  Known  amounts  of  standard  solutions  of  the  elements  to  be  determined  are  added 
to  a  solution  of  spectrographically  pure  aluminum  chloride.  The  solutions  are  evaporated  to  a  syrupy  state;  by 
treating  three  times  with  14  N  HNO3  the  salts  are  converted  into  the  nitrates  which  are  then  evaporated  to  dryness 
and  converted  to  aluminum  oxide.  In  this  way  a  series  of  five  standards  are  prepared,  the  composition  of  which 
is  shown  in  the  calibration  curves  (Fig.  2). 

Standards  and  samples  of  aluminum  oxide  are  stored  in  sealed  weighing  bottles,  in  a  desiccator  over  phos¬ 
phorus  pentoxide. 

Apparatus  (quartz)  flasks  (200-300  ml),  basins  or  beakers  (50  ml),  rods,  tube  for  passing  HCl  into  the  solu¬ 
tion.  Reagents:  water -twice  distilled;  hydrochloric  and  nitric  acids  -redistilled;  gaseous  hydrogen  chloride  . 


Fig.  2.  Calibration  curves  for  the  determination 


of  impurities  in  aluminum.  The  curves  are  ar¬ 
bitrarily  shifted  along  the  ordinate  in  order  to 
avoid  overlapping. 


prepared  in  a  glass  apparatus  by  heating  concentrated  HCl.  The  water  and  acids  are  distilled  in  a  quartz  appara¬ 
tus,  and  are  stored  in  quartz  flasks. 

Spectrographic  analysis.  Using  the  same  conditions  and  with  the  same  standards,  the  spectra  of  the  con¬ 
centrate  of  the  impurities,  and  of  the  sample  without  enrichment,  and  the  spectra  of  the  material  in  the  control 
experiment  are  photographed.  The  source  is  a  d.c.  arc  with  a  current  strength  of  12  amp;  the  exposure  is  2.5 
minutes.  Carbon  electrodes  are  used  (the  lower  electrode  is  a  rod  with  a  crater  4  mm  in  diameter  and  6  mm 
deep  on  its  end,  while  the  upper  electrode  is  sharpened  to  a  point),  they  are  fired  for  15  seconds  beforehand  in 
the  d.c.  arc  (12  amp)  in  order  to  free  them  from  accidental  contamination.  40  mg  of  powder  is  placed  in  the 
electrode  crater  and  is  moistened  with  2  drops  of  a  20  °lo  alcoholic  solution  of  bakelite;  the  mixture  is  then  dried 
on  a  hot  plate  ( the  bakelite  serves  to  prevent  the  sample  from  being  thrown  out  of  the  electrode  crater).  The 
ISP -22  spectrograph  is  used,  the  slit  width  being  iD/i .  A  two-stage  attenuator  with  a  relative  transmission  stage 
of  1: 10  is  set  up  in  front  of  the  slit  .  In  the  short-wave  spectral  region  the  lines  are  photographed  in  the  weak 
stage,  while  in  the  long -wave  region  they  are  photographed  in  the  strong  stage  of  the  spectrogram.  Calibration 
curves  (Fig.  2)  are  constructed  within  the  coordinates  log  I,  log  c,  where  I  is  the  line  intensity  (taking  into  ac¬ 
count  the  background)  and  c  is  the  concentration. 

Conversion  from  blackening  to  intensity,  with  application  of  corrections  for  the  background's  carried  out 
by  means  of  the  characteristic  curve  on  a  special  calculating  apparatus.  From  the  spectrograms  of  samples  for 
which  enrichment  has  not  been  carried  out,  the  impurities  present  in  high  concentrations  (10"^-10"®%)  are  cal¬ 
culated,  while  from  the  spectrograms  for  the  concentrates,  the  impurities  present  in  very  small  amounts  and 
which  have  been  concentrated  are  calculated  (10"^-10“®‘7o).  In  the  latter  instances  the  enrichment  coefficient 
is  taken  into  account  when  making  the  calculations. 

Corrections  for  the  amounts  of  impurities  present  in  the  reagents  as  found  in  the  control  test  are  applied 
to  the  analytical  results,  by  using  the  conversion  coefficients  established. 


SUMMARY 

A  chemico -spectrographic  method  has  been  developed  for  the  analysis  of  high  purity  aluminum;  it  is 
based  on  chemical  concentration  of  the  impurities  by  separating  the  bulk  of  the  aluminum  by  precipitation  as 
AICI3  •  6H2P  with  gaseous  hydrogen  chloride,  and  subsequent  spectrographic  determination  of  the  impurities  in 
the  concentrate.  20  elements  can  be  determined  simultaneously:  Be,  Mg,  Ca,  Ba,  Ti,  V,  Mo,  Mn,  Fe,  Co,  Ni, 
Cu,  Ag,  Zn,  Cd,  Pb,  Sn,  Sb,  Bi,  In.  Thanks  to  an  enrichment  of  the  impurities  of  about  50  times,  it  is  possible 
to  increase  the  sensitivity  of  their  determination  to  10"^-10"®‘yo,  A  technique  has  also  been  developed  for  the 
spectrographic  analysis  of  samples  in  which  the  enrichment  step  is  left  out;  this  can  be  used  for  controlling 
technical  production  of  aluminum  in  which  the  amount  of  impurities  present  is  higher;  the  sensitivity  of  this 
technique  is  10"*-10"^o. 
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DETERMINATION  OF  SOME  MICROIMPURITIES  IN  HIGH  QUALITY 

I 

SELENIUM 


O.E.  Zvyagintsev  and  V.  I.  Shamaev 

The  D.  I.  Mendeleev  Moscow  Chemico -Technological  Institute 

For  determining  trace  amounts  of  tellurium,  copper,  arsenic,  gallium,  antimony,  and  cadmium  in  high 
purity  selenium  we  used  neutron  activation  analysis.  On  bombarding  with  slow  neutrons,  as  a  result  of  nuclear 
reactions  (n,y)  radioactive  isotopes  of  the  irradiated  elements  are  obtained,  the  activity  of  which  also  serves  as 
a  measure  of  the  amount  of  the  elements  to  be  determined.  Since  measurement  of  neutron  flow  is  difficult  and 
inaccurate,  better  results  are  given  by  a  comparison  of  the  activities  obtained  with  the  activities  of  known 
amounts  of  the  elements  to  be  determined, which  have  been  irradiated  under  the  same  conditions.  This  method 
was  also  used  in  the  work  described  here. 

The  principles  and  techniques  of  activation  analysis  have  been  described  in  a  number  of  reviews  and  origin  - 
al  papers  [1-3].  A  series  of  papers  have  been  published  on  the  determination  of  individual  elements  (Cu,  Te,Ga, 
Sb,  and  As)  in  various  materials  [2,4-11]. 

Under  the  conditions  we  used,  the  theoretical  sensitivity  of  the  determination  (for  an  induced  activity 
towards  the  end  of  irradiation  of  40  decays  per  second)  amounts  to  (in  g). 

As  (T  27  hours)  3  •  10"^®  g 
Cu  (12.9  hours)  5  •  10“^®  g 
Ga  (T  14  hours)  5  *  10"^®  g 
Sb(T  2.8  days)  1.4*  10"®  g 
Te  (T  9.3  hours)  10“*  g 
Cd  (T  2.3  days)  1.4  •  lO"*  g 

Samples  and  standards  were  irradiated  in  a  nuclear  reactor  under  identical  conditions.  After  addition  to 
the  sample  of  known  amounts  of  inactive  elements  (carriers)  in  the  form  of  various  salts,  the  sample  was  dis¬ 
solved  and  the  elements  to  be  determined  subjected  to  chemical  separation  and  purification.  The  activities  of 
the  separated  eleitients  were  compared  under  identical  counting  conditions  with  the  activities  of  standard  sam¬ 
ples,  the  chemical  yields  being  taken  into  account. 

Identical  counting  conditions  were  ensured  by  adopting  the  same  form,  dimensions, and  amounts  of  mater¬ 
ials  in  the  samples  and  standards,  and  by  using  the  same  distance  to  the  counter,  etc.  The  precipitates  to  be 
used  for  activity  determinations  were  filtered  on  demountable  glass  filters. 

The  whole  technique  of  separating  and  purifying  the  elements  to  be  determined  was  developed  using 
labeled  atoms.  It  was  shown  that  under  these  conditions  the  necessary  radioactive  purity  was  achieved.  The 
latter  was  also  controlled  during  the  course  of  each  analysis  by  determining  the  half-life  period  of  the  separated 
elements. 
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Separation  and  purification  of  test  elements.  After  irradiation,  the  selenium  sample  (about  1  g)  was 
washed  with  hot  dilute  HCl  to  remove  any  possible  contamination  on  the  surface.  To  the  sample  were  added 
solutions  of  the  salts  of  the  carrier  in  amounts  equivalent  to  10-20  mg  of  the  test  element;  the  selenium  was 
dissolved  on  heating  in  concentrated  HNO3,  with  subsequent  careful  evaporation  of  excess  acid  almost  to  dry¬ 
ness.  The  residue  was  dissolved  in  water  and  1  g  of  urea  added;  the  mixture  was  then  boiled  for  about  10  min¬ 
utes.  To  this  solution  was  added  HCl  until  the  concentration  of  the  latter  was  6  N,  this  was  followed  by  addition 
of  2.5  g  of  hydrazine  sulfate.  The  solution  was  boiled  under  reflux  for  5  minutes  and  the  precipitate  of  elemental 
selenium  filtered  off.  For  more  complete  removal  from  the  solution  of  radioactive  selenium  and  gold  activity, 

20  mg  of  selenium  in  the  form  of  selenous  acid  and  3  mg  of  gold  (in  the  form  of  HAuCl^)  were  added  to  the 
solution.  A  second  boiling  led  to  the  separation  of  elemental  selenium  which  was  filtered  off  and  rejected. 

Isolation  and  purification  of  tellurium.  After  removing  the  selenium  the  filtrate  was  diluted  with  water 
until  the  HCl  concentration  was  2.7  N,  about  1  g  of  Na2S03  was  added  and  the  solution  boiled  for  about  15  min¬ 
utes.  The  precipitate  of  elemental  tellurium  was  filtered  off  and  washed  with  2-3  N  HCL,  and  then  washed  with 
water,  and  dissolved  on  heating  in  HNO3  (1:3).  The  solution  was  filtered  and  evaporated  to  dryness.  The  dry 
residue  was  dissolved  in  3*70  HCl  and  the  solution  boiled  with  urea.  To  this  solution  was  added  20  mg  of  selenium 
(in  the  form  of  H2Se03)  and  3  mg  of  Au  (in  the  form  of  HAUCI4),  copper  (in  the  form  of  CuCl2)i  and  antimony 
(in  the  form  of  SbCl3);  this  was  followed  by  10  mg  of  10%  KI  solution,  the  whole  was  boiled  and  the  precipitate 
of  selenium  and  gold  filtered  off  and  rejected.  To  this  filtrate  hydrochloric  acid  was  added  until  the  normality 
was  2.7  N  when  the  tellurium  was  precipitated  with  hydrazine.  The  precipitate  of  elemental  tellurium  was 
filtered  through  a  tared  filter  with  a  blue  band  filter,  and  then  washed  with  2-3  N  HCl,  and  with  water;  it  was 
finally  washed  with  alcohol  and  ether.  The  precipitate  thus  obtained  was  dried  at  105*  and  weighed;  the  activity 
of  the  isolated  preparation  was  determined  on  a  torsion  counter. 

Isolation  and  purification  of  arsenic.  After  removal  of  tellurium,  the  filtrate  was  transferred  to  a  distilla¬ 
tion  flask  and  ASCI3  distilled  off  at  108-109°.  To  the  distillate  was  added  10  mg  of  antimony  (in  the  form  of 
SbCl3)  and  the  distillation  repeated.  AS2S3  was  isolated  by  precipitating  with  H2S,  the  precipitate  was  coagulated 
by  boiling  and  was  then  filtered  through  a  porous  glass  filter,  it  was  washed  first  with  concentrated  HCl  and  then 
with  water,  and  was  dissolved  on  the  filter  in  25%  ammonia.  The  solution  was  evaporated  almost  to  dryness, 

7  ml  of  concentrated  HNO3  was  added  and  the  solution  again  evaporated  to  dryness.  The  dry  residue  was  dis¬ 
solved  in  water,  100  mg  of  silver  (as  AgN03)  was  dissolved  in  water,  100  mg  of  silver  (as  AgN03)  was  added  and 
silver  arsenate  precipitated  with  ten  millilters  of  a  saturated  solution  of  CHsCOONa.  The  precipitate  was 
coagulated  on  a  water  bath  and  filtered  off,  it  was  then  washed  with  hot  water  and  dried;  the  activity  was  final¬ 
ly  determined.  The  chemical  yield  was  established  by  titrating  the  silver  with  a  solution  of  NH4SCN  in  the 
presence  of  ferric  alum  as  indicator. 

Separation  of  copper  and  antimony.  After  removal  of  the  arsenic  the  solution  was  evaporated  to  10  ml. 

To  this  solution  was  added  30  ml  of  water  and  10  mg  of  silver  (as  AgN03).  The  AgCl  was  filtered  off  and  reject¬ 
ed.  To  the  solution  was  added  10  ml  of  a  saturated  solution  of  NaCl  and  cupric  and  antimony  sulfides  precipitated 
by  means  of  Na2S.  The  precipitate  was  filtered  off;  and  washed  with  a  solution  which  was  5%  with  respect  to 
HCl  and  10%  with  respect  to  NaCl  it  was  then  washed  with  water  and  transferred  into  a  beaker. 

Isolation  and  purification  of  copper.  The  precipitate  of  copper  and  antimony  sulfides  was  treated  with 
10  ml  of  a  mixture  of  20%Na2S  and  NaOH  on  heating  on  a  water  bath  for  about  one  hour.  Copper  sulfide  was 
filtered  off  and  washed  first  with  dilute  Na2S  solution  and  then  with  water,  and  finally  dissolved  in  3  N  HNO3 
on  heating.  To  this  solution  was  added  about  10  mg  of  iron  as  Pe(N03)3  and  5%  ammonia  solution  until  there 
was  a  weak  odor  of  the  latter.  The  precipitate  of  Fe(OH)a  formed  was  filtered  off  and  rejected.  The  filtrate 
was  acidified  with  sulfuric  acid  until  the  solution  was  weakly  acid  and  copper  rubeanate  precipitated  by  means 
of  C2H4N2S2t  the  rubeanate  was  filtered  off  and  washed  with  dilute  sulfuric  acid,  it  was  finally  washed  with 
dilute  sulfuric  acid  and  transferred  to  a  beaker;  to  the  latter  was  added  0.5  ml  of  concentrated  H2SO4.  The  cop¬ 
per  rubeanate  was  broken  down  by  evaporating  it  with  H2SO4.  The  solution  was  diluted  with  water  to  50  ml 
copper  was  reduced  by  passing  sulfur  dioxide  through  the  heated  solution  for  15  minutes;  Cu2(SCN)2  was  formed 
by  adding  NH4SCN,  the  former  was  filtered  off  through  a  tared  blue  band  filter  paper,  it  was  washed  with  water 
saturated  with  sulfur  dioxide,  and  then  washed  with  alcohol  and  ether  in  turn,  and  dried  at  105-115°  ;  it  was  final¬ 
ly  weighed  and  its  activity  measured. 
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Isolation  and  purification  of  antimony.  To  the  solution  was  added  5  mg  of  copper  as  CuClj;  CuS  was  fil¬ 
tered  off  and  rejected.  The  filtrate  was  acidified  with  2  N  hydrochloric  acid,  the  81)283  formed  was  filtered 
off  and  washed  with  2  N  HCl,  it  was  then  treated  with  concentrated  HNO3  on  heating.  Trivalent  antimony  was 
oxidized  with  permanganate  to  the  quinquevalent  state  and  the  latter  extracted  three  times  with  diethyl  ether. 

The  ether  was  removed  by  heating,  while  the  antimony  was  reduced  with  metallic  iron  to  the  elemental  state 
in  a  hydrochloric  acid  solution  to  which  was  added  5  mg  of  tin  as  8nCl4.  The  antimony  precipitate  was  centri¬ 
fuged  and  washed  in  turn  with  3  N  HCl  and  water  and  was  then  treated  with  concentrated  nitric  acid.  The  so¬ 
lution  was  evaporated.  The  precipitate  of  metaantimonic  acid  was  suspended  in  7  N  HNO3  and  filtered  through 
a  blue  ribbon  filter  paper,  it  was  then  dried  and  its  activity  measured.  The  precipitate  was  calcined  in  a  por¬ 
celain  crucible  at  800*  and  then  weighed. 

Isolation  and  purification  of  cadmium.  To  the  filtrate  after  removal  of  the  sulfides  of  copper  and  anti¬ 
mony  was  added  5  mg  of  each  of  these  elements  in  the  form  of  their  chlorides.  The  precipitate  of  the  sulfides 
was  then  filtered  off  and  rejected.  NaOH  was  added  until  the  solution  was  strongly  alkaline;  the  Cd8  was  filtered 
off  and  washed  with  a  hot  5%Na2804  solution.  The  precipitate  was  transferred  to  a  beaker  to  which  was  added 
about  5  mg  of  iron  as  Fe2(804)3,  and  the  mixture  treated  with  0.4  N  H2SO4.  The  Cd8  was  filtered  off,  washed, 
and  then  dissolved  on  the  filter  in  6  N  HCl.  The  solution  was  boiled,  about  10  mg  of  iron  in  the  form  of 
Fe2(804)3  was  added;  followed  by  5%  ammonia  solution  until  threre  was  a  weak  odor  of  the  latter.  The  Fe(OH)3 
formed  was  filtered  off  and  rejected.  To  the  filtrate  was  added  about  5  ml  of  a  10%  solution  of  NaOH  and  cad¬ 
mium  sulfide  precipitated  with  sodium  sulfide.  The  Cd8  was  filtered  off,  washed,  and  then  reprecipitated  from 
0.4  N  H2SO4.  It  was  finally  filtered  through  a  blue  band  filter  paper  and  its  activity  measured.  The  chemical 
yield  of  cadmium  was  determined  by  weighing  it  as  Cd804;  for  this  purpose  the  Cd8  was  dissolved  in  the  min¬ 
imum  amount  of  6  N  HCl,  the  solution  was  collected  in  a  porcelain  crucible,and  concentrated  H2SO4  added.The 
mixture  was  evaporated  to  dryness  and  then  calcined  at  500*  and  weighed. 

Isolation  and  purification  of  gallium.  After  removal  of  cadmium  the  filtrate  was  neutralized  with  HCl, 
the  Ga283  was  filtered  off  and  dissolved  on  the  filter  in  6  N  HCl  and  was  extracted  twice  with  ether.  The  ether 
was  removed  by  evaporation ,  to  the  solution  left  was  added  10  mg  of  iron  as  Fe(N03)3,  and  NaOH  then  added 
until  its  concentration  in  the  solution  was  0.5  N.  The  Fe(OH)3  formed  was  filtered  off  and  rejected.  Ga(OH)3 
was  deposited  from  the  filtrate  on  neutralizing,  the  gallium  hydroxide  was  washed  with  hot  water,  and  dissolved 
on  the  filter  in  dilute  HNO3.  Ga(OH)3  was  then  reprecipitated  by  means  of  NH4OH.  The  precipitate  was  filtered 
off  through  a  blue  band  filter  paper,  it  was  washed  and  dried,  and  its  activity  measured.  In  order  to  determine 
the  yield  of  gallium  the  precipitate  was  calcined  at  1300*  and  weighed. 

Purification  of  the  standards,  8tandards,  two  for  each  test  element,  were  prepared  by  placing  0.1  ml  of 
the  appropriate  solution  in  a  quartz  target  and  drying  off  the  solution.  The  target  was  placed  in  a  quartz  weigh¬ 
ing  bottle.  The  standards  were  subjected  to  two-three  chemical  purifications  using  a  carrier  for  the  test  sample 
and  using  suitable  back  carriers. 

The  self-screening  effect  in  the  samples  was  taken  into  account;  this  is  connected  with  a  decrease  (as  a 
result  of  absorption  by  the  materials  of  the  sample)  in  the  neutron  stream  from  the  periphery  of  the  sample  to 
the  center.  Under  the  experimental  conditions  used  this  effect  was  of  the  order  of  3%. 

In  the  course  of  this  work  the  possibility  of  the  formation  of  arsenic  from  selenium  as  a  result  of  reactions 
with  rapid  neutrons  (n,p)  and  withy  -rays  (y  ,p)  was  checked.  It  was  established  that  as  a  result  of  such  reactions, 
from  one  gamma  of  selenium  there  are  formed  radioactive  isotopes  of  arsenic,  whose  activity  was  equivalent  to  the 
activity  from  2  •  10"®  g  of  arsenic. 

Using  the  technique  developed  we  have  analyzed  a  number  of  samples  of  pure  selenium.  Below  are  given 
the  results  for  one  of  the  samples,  (in  percentages): 

Tc— 1,2.10"^  Ga<10“’,  Cd— 4,5.10"® 

As-l.D-lO-®.  Cu-G^10~®'  Sb— 1,6.10'® 

8UMMARY 

A  technique  has  been  developed  for  the  determination  of  trace  amounts  of  tellurium,  copper,  gallium. 
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arsenic,  antimony,  and  cadmium  in  selenium  by  radioactivation  analysis.  The  method  suggested  for  the  chem¬ 
ical  separation  and  purification  of  the  test  elements  makes  it  possible  to  isolate  preparations  of  radiochemical 
purity.  The  chemical  yield  of  carriers  for  copper,  arsenic,  and  cadmium  amounts  to  50-70%,  while  for  tel¬ 
lurium  it  is  30-50%,  and  for  antimony  and  gallium  25-35%.  The  accuracy  for  the  determination  of  individual 
elements  is  10-25%. 
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BOXES  OF  NEW  DESIGN  FOR  WORK  WITH  RADIOACTIVE  MATERIALS 

N,  I,  Gusev,  P,  N.  Palei,  I.  G.  Sentyurin,  and  I.  S.  Sklyarenko 

The  V.  I.  Vernadskii  Institute  of  Geochemistry  and  Analytical  Chemistry, 

Acad.  Sci.  USSR,  Moscow 


Analytical  and  preparative  work  with  radioactive  materials  requires  complete  insulation  of  workers, not 
only  from  the  main  mass  of  the  materials  being  treated,  but  also  from  the  smallest  splashes  of  solutions  or  from 
dust  particles.  Most  analytical  preparative  or  research  work  consists  of  a  number  of  successive  operations  which 
demand  different  apparatus,  and  the  latter,  as  a  rule,  cannot  all  be  housed  in  one  hermetically  sealed  box. 
Shifting  of  test  material  from  box  to  box,  and  also  storing  of  radioactive  materials  should  be  carried  out  in 
containers  which  are  completely  insulated  from  the  surrounding  space. 


Fig.l.  Working  box.  Aerosol  filters  are  fitted  on  the  walls. 
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Fig.  2.  Centrifuge  box. 


For  this  purpose  we  have  developed  a  set  of 
boxes;  these  include  a  working  box,  a  centrifuge 
box,  and  a  balance  box.  They  are  all  connected 
up  to  each  other  through  any  distance  by  means  of  a 
standard  system  of  locks  fitted  into  the  boxes  and 
portable  cassettes. 

The  American  glove  boxes  [1]  known  to  the 
authors  are  not  universal  in  the  sense  that  they  can 
be  used  for  all  operations.  Samples  must  be  intro¬ 
duced  either  through  an  open  door  in  the  side  wall 
of  the  box,  or  through  some  box  lock;  such  a  meth¬ 
od  of  introduction,  and,  particularly,  extraction  of 
radioactive  preparations  gives  rise  to  the  danger  of 
contamination  of  the  air  and  laboratory  equipment 
by  radioactive  splashes  and  dust. 

The  working,  centrifuge,  and  balance  boxes 
are  shown  in  Figs.  1,  2,  and  3  respectively.  They 
are  made  from  plexiglass  10  mm  thick.  The  bottoms 
of  the  boxes  are  made  of  a  vinyl  plastic  and  are 
f  used  to  the  walls.  The  walls  are  glued  together  by 
means  of  dichloroethane. 

The  working  box  (Fig.  1).  has  the  following 
basic  outer  dimensions;  width  1000  mm,  depth  620 
mm,  and  height  700  mm.  The  front  wall,  with 
openings  for  the  gloves,  slopes,  and  can  be  taken  down 


Fig.  3.  Balance  box.The  handles  for  operating  the  ADV-200  balance 
are  brought  out  through  the  front  wall  of  the  box. 


for  assembling  large  apparatus.  There  are  inlets  for  vacuum,  compressed  air,  and  electric  terminals  on  both  walls 
of  the  box. 

The  dimensions  of  the  centrifuge  box  (Fig.2)  are  as  follows:  width  640  mm,  depth  600  mm.  and  height 
680  mm.  The  box  is  designed  for  a  TsE-3  centrifuge  of  the  medicinal  type.  It  is  also  used  for  washing  precipitates. 
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Fig,  4.  Appearance  of  part  of  the  working  box.  The 
outer  cover  of  the  lock  is  opened  for  introducing 
the  cassette. 


The  balance  box  (Fig.3)  is  used  for  balances 
of  the  type  ADV-200  and  MV -20  and  has  the  follow¬ 
ing  dimensions:  width  900  mm,  depth  450  mm.and 
height  600  mm.  The  handles  of  the  balance  are 
brought  outside. 

All  the  boxes  have  outlets  for  connecting  to  a 
system  of  extractive  ventilation  through  aerosol 
filters.  Locks  (Fig.  4  and  5)  are  welded  into  the 
bottoms  of  the  boxes  (working  and  balance)  or  in  the 
side  wall  (centrifuge  box).  Both  the  boxes,  as  well 
as  the  cassettes  and  locks  can  also  be  prepared  from 

other  materials  (various  plastics,  stainless  steel,  etc). 

\ 

Lead  glass  or  a  sheet  of  lead  metal  can  be  fitted 
onto  the  outside  of  the  forward  wall  and  also  inside 
the  box  for  protection  against  y  -radiation. 

The  casette  of  the  working  box  fits  the  lock 
of  any  of  the  boxes.  The  casette  (Figs.  5  and  6)  is 
used  for  transferring  radioactive  preparations  from 
one  box  into  another,  for  introducing  reagents  and 
small  apparatus  into  the  boxes,  for  storing  radioac¬ 
tive  materials,  and  also  for  removing  various  waste 
products.  It  is  a  sealed  box  13  with  a  lid  10  having 
protrusions  2,  and  can  be  moved  along  corresponding 
grooves  in  the  walls  of  the  box.  The  configuration  of 


Figi  5,  Front  view  (from  the  left  on  the  plan)  and  side  view  (on  the  right)  of  the 
box  fitted  into  a  lock.  1)  Protrusion  on  the  casette  lid;  3)  protrusion  (groove) 
on  the  lock  wall  (of  the  casette);  4)  controlling  protrusions  of  the  lock  lid;  5) 
lock  lid;  6)  outer  lid  of  the  lock;  7)  controlling  groove;  8)  groove  of  the  outer 
lid;  9)  side  wall  of  the  box;  10)  casette  lid;  U)  box  bottom;  12)  lock;  13) 
cassette. 


the  grooves  in  the  box  and  the  protrusions  in  the  lid  ensure  close  sealing  of  the  casette.  The  grooves  on  the  outer 
perimeter  of  the  casette  serve  as  guides  for  placing  the  box  in  a  lock  (during  this  operation  they  link  up  with  the 
protrusions  3  on  the  lock),  and  also  for  fixing  the  casette  in  a  definite  position  inside  the  lock.  At  the  same  time, 
the  protrusion  3  and  the  part  of  the  casette  above  the  protrusion  act  as  seals  during  opening  of  the  lid  of  the  casette 
and  the  lock. 
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Groves  are  fitted  into  the  lid  of  the  casette  for  linking  up  with  the  lid  of  the  lock  by  means  of  protrusions 
4.  The  purpose  of  the  lock  is  to  fix  the  casette  in  a  definite  position,  and  to  protect  all  its  outer  surfaces  from 
being  contaminated  by  splashes  or  dust  from  the  air  of  the  box ,  The  lock  is  a  box  12  with  two  lids  which  slide 
along  corresponding  grooves.  Lid  6  is  opened  for  introducing  and  withdrawing  casettes  from  the  lock,  while  lid 
5  is  opened  (only  at  the  same  time  as  the  lid  of  the  casette  10)  for  transferring  preparations,  reagents,  etc;  from 
a  casette  into  a  box,  and  vice  versa. 

In  order  to  place  a  casette  in  a  lock,  it  is  necessary  to  open  the  outer  lid  6  which  is  slid  along  the  directing 
grooves  8.  This  position  is  shown  in  Fig.  4  *.  After  inserting  the  casette,  the  outer  lid  is  closed  (Fig.  5)  and  all  the 
remaining  working  operations  are  carried  out  in  gloves  from  the  front  wall  of  the  box.  Both  lids  can  only  be  open¬ 
ed  simultaneously:  the  lid  of  casette  10  which  is  kept  in  position  by  the  directing  protrusions  4  on  the  lid  of 
lock  5,  is  shifted  forward  with  the  lid  of  the  lock  to  the  stop  on  the  directing  groove  7.  The  position  of  groove  3 
on  the  perimeter  of  the  casette  ensures  that  the  lids  fit  close  to  each  other,  while  the  fact  that  they  are  opened 
simultaneously  ensures  the  cleanliness  of  the  sides  of  die  lids  in  contact  with  each  other. 

After  loading  or  unloading  a  casette,  lids  5  and  10  are  closed,  the  worker  frees  his  hands  from  the  gloves  and 
the  casette  is  removed  and  transferred  where  necessary. 

Thus,  during  loading  and  unloading  operations  with 
the  casette,  in  practice ,  only  the  inner  surface  of  the 
casette  comes  into  contact  with  the  air  in  the  box  ,while 
all  the  outer  surface  of  the  casette  and  the  inner  surface 
of  the  lock  are  protected  from  contamination ;  this  guar¬ 
antees  the  cleanliness  of  the  casette  on  the  outside, and 
consequently  makes  it  possible  using  such  a  casette  to 
transfer  radioactive  materials  from  one  box  to  the  other 
and  also  into  storage. 

A  gap  of  about  2  mm  is  left  between  the  lock  and 
the  casette  below  the  groove  on  the  perimeter  of  the 
casette:  this  gap  prevents  air  being  sucked  out  of  the  box 
on  withdrawing  the  casette  from  the  lock,  and  facilitates 
its  withdrawal.  All  the  grooves  are  lubricated  for  free 
shifting  of  the  casette  in  the  lock. 

*  All  the  details  are  not  given  in  Figs.  4,  5,  and  6. 


Fig.  7.  Fixing  of  the  gloves  in  a  box. 
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The  construction  of  the  casette  permits  the  lock  in 
the  box  to  be  shifted  both  to  the  right  and  the  left  of  the 
worker.  The  construction  of  the  casette  also  permits  the 
same  casette  to  be  placed  in  both  the  right  and  left  lock. 
Casettes  and  locks  are  made  from  10  mm  thick  plexiglass. 
The  grooves  are  milled,  while  the  protrusions  and  seals  are 
glued  on.  The  main  outer  dimensions  of  the  casette  are: 
height  200  mm,  width  200  mm,  depth  250  mm. 

For  working  with  such  boxes,  with  the  air  being  con¬ 
stantly  sucked  out,  normal  medical  gloves  fastened  to  long 
sleeves  made  of  rubber  about  1  mm  thick  are  used;  the 
sleeves  are  fitted  onto  the  flanges  of  the  openings  in  the 
forward  wall  of  the  box. 

The  medical  gloves  wear  out  very  rapidly,  while  the 
sleeves  are  seldom  removed  from  the  box.  Moreover,  re¬ 
peated  use  of  the  sleeve  for  gluing  is  difficult  because  its 
surface  gets  contaminated  with  radioactivity. 

The  sleeve  and  glove  are  connected  together  by 
means  of  a  device  in  the  form  of  a  wristband.  The  wrist¬ 
band  is  a  plastic  cylinder  oval  in  form.  Its  dimensions  are 
such  as  to  ensure  that  the  wrist  can  be  passed  through  it  in 
order  to  put  on  the  gloves.  The  length  of  the  wristband  is 
60-70  mm.  At  its  outer  edges  the  wristband  has  two  flanges 
which  ensure  close  connection  of  the  wristband  with  the 
sleeve  on  the  one  hand  and  with  the  glove  on  the  other.  The 
sleeve  and  glove  are  fitted  to  the  wristband  by  means  of 
rubber  bands  (Fig.  7),  As  established  in  practice,  such  a  setup  permits  easy  replacement  of  the  gloves,  and  also 
facilitates  working  without  limiting  the  mobility  of  the  wrist. 

Each  box  is  connected  via  an  aerosol  filter  to  an  exhaust  fan.  6-8  boxes  are  connected  to  two  parallel 
exhaust  fans(type  EVR-2).Thls  ensures  that  the  exhaust  fans  can  be  used  continually.  The  vacuum  thereby 
created  inside  the  box  (a  few  mm  of  water)  causes  an  Intensive  draft  of  air  from  the  laboratory  through  fine 
slits,  so  that  there  is  no  need  for  rubber  packing,  screw  lids,  etc. 

The  intensity  of  the  draft  and  the  throughput  capacity  of  the  filters  is  calculated  so  as  to  ensure  an  air 
flow  of  not  less  than  2.0  meters  / second  in  one  glove  hole  when  it  is  disconnected  or  a  glove  is  changed. 

A  schematic  diagram  of  the  aerosol  filter  is  shown  in  Fig.  8. 

The  filter  element  is  a  band  of  acid-resistant,  folded  filter  cloth  (mark  FPP-1)  1.5  cm*  in  area, 
between  the  layers  of  which  are  inserted  wooden  frames  in  the  form  of  the  letter  (1 .  A  bundle  of  such  frames 
with  the  filter  cloth  is  stretched  on  each  side  with  bolts,  and  to  the  bundle,  from  two  sides  are  connected  air 
storage  tanks  of  light  sheet  iron  painted  with  acid-resistant  paint,or  tanks  made  from  vinyl  plastic.  The  filter 
is  hung  on  the  wall  behind  a  box.  The  general  appearance  of  the  filter  and  its  position  on  the  wall  is  shown  in 
Fig.  1.  The  filter  can  readily  be  replaced.  The  connecting  air  tubes  between  box  and  filter  and  the  common 
air  pipe  are  vinyl  plastic  tubes  (d  =  105  mm)  which  are  connected  to  each  other  and  to  the  boxes  and  filters  by 
means  of  flanges  with  rubber  packing,  or  are  welded  together.  A  valve  is  fitted  between  a  box  and  its  filter  for 
regulating  the  vacuum  in  the  box  and  for  switching  of  the  latter  from  the  common  system. 

The  Illuminator  used  in  the  box,  consisting  of  two  luminescent  tubes  type  DS-30  with  reflectors,  allows 
the  light  beam  to  be  concentrated  only  on  the  working  surface  of  the  box,  and  also  protects  the  eye  of  the  work¬ 
er  from  direct  light  (Fig.  9). 


Fig.  8.  Schematic  diagram  of  the  aerosol 
filter.  The  arrows  indicate  the  direction  of 
air  movement. 


SUMMARY 

Glove  boxes  of  new  design  are  suggested  which  permit  radioactive  materials,  chemical  glassware,  and 


small  apparatus  to  be  transferred  from  one  box  to  another  without  exposing  the  worker’s  hands  to  radioactive 
contamination.and  which  prevent  contamination  of  the  laboratory  air. 
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A  SPOT  METHOD  FOR  DETECTING  THIOETHER 

AND  THIOKETONE  SULFUR  IN  MEDICINAL  PREPARATIONS 

AND  IN  SOME  BIOLOGICAL  MATERIALS 


V  .  G  .  Belikov 
Pharmaceutical  Institute,  Pyatigorsk 

Thioether  and  thioketone  sulfur  can  be  detected  in  organic  compounds  by  reduction  to  the  sulfide  ion  or 
by  oxidation  to  the  sulfate  ion.  These  methods,  however,  do  not  permit  detection  of  bound  sulfur  in  a  test 
material,  and,  moreover,  they  are  difficult  to  carry  out.  The  iodoazide  reaction  [1-5]  first  studied  by  Raschig, 

[6]  is  widely  used  as  a  spot  test  for  thioether  and  thioketone  sulfur  in  organic  and  inorganic  compounds.  This 
reaction  is  used  for  detecting  sulfur  in  protein  materials  [1,2,7]  and  for  organic  medicinal  materials  [8]. 

Some  sulfur-containing  organic  compounds  on  simple  heating,  or  on  heating  in  the  presence  of  such  weak 
reducing  agents  as  glucose  or  starch,  liberated  hydrogen  sulfide  [9]  which  can  be  detected  by  means  of  sodium 
nitroprusside.  Some  other  organic  compounds  which  we  studied  also  liberated  hydrogen  sulfide  on  heating  (am¬ 
monium  thiocyanate,  essential  oil  of  mustard,  thiourea, cysteine,  cystine,  thlbone,  thyphene,  norsulfazol.penicil- 
lin,  methylthiouracil). 

We  have  established  that  on  fusing  thioethers  and  thlo ketones  with  a  crystal  of  sodium  hydroxide  in  a  test 
tube,  sodium  sulfide  is  readily  formed  which  gives  with  a  1%  solution  of  sodium  nitroprusside  a  stable  intensely 
red  or  red -violet  color.  On  this  basis  we  have  developed  a  simple  spot  method  for  detecting  thioether  and  thio¬ 
ketone  sulfur  in  organic  medicinal  preparations,  plant  materials,  sulfur-containing  essential  oils,  amino  acids,and 
some  protein  materials. 

Detection  of  thioether  and  thioketone  sulfur  in  medicinal  preparations,  1  drop  of  a  2-3%  solution  of  the 
test  material  in  10%  sodium  hydroxide,  or  a  mixture  of  about  0.005  g  of  material  and  1  drop  of  10%  sodium  hy¬ 
droxide,  are  evaporated  to  dryness  in  a  porcelain  microcrucible  on  an  electric  hotplate  covered  with  an  asbes¬ 
tos  mat,  and  the  residue  carefully  heated  until  a  reddish  or  light-brown  color  appears;  on  cooling,  1-2  drops  of 
0,1%  aqueous  sodium  nitroprusside  is  added.  When  thioether  or  thioketone  sulfur  is  present  an  intense  red  or  red- 
violet  color  develops.  The  sensitivity  of  the  reaction  for  various  compounds  is  given  in  the  Table. 

For  establishing  the  sensitivity  of  detection,  a  1%  solution  of  test  material  in  a  10%  solution  of  sodium 
hydroxide  is  successively  diluted  with  water  five  times  until  the  limiting  dilution  is  attained.  The  optimum 
ratio  of  the  concentration  of  the  solution  of  the  test  compound  and  the  concentration  of  the  sodium  hydroxide 
solution  is  1:10. 

In  order  to  detect  sulfur  in  cutizon  and  thyphene  which  are  insoluble  in  alkali  solutions ,  alcoholic  solutions 
of  cutizon  and  aqueous  solutions  of  thyphene  are  used;  these  are  mixed  in  a  microcrucible  in  the  proportions  in¬ 
dicated  with  sodium  hydroxide  solution  and  are  then  tested  as  described  above. 

Ichthiol  and  albichthol,  which  are  mixtures  of  sulfonated  thy  phenes  and  also  phenothiazine  derivatives 
(phenothiazine  and  methylene  blue)  do  not  give  the  color  reaction.  Negative  results  were  also  obtained  on 
testing  a  number  of  organic  medicinal  preparations  containing  sexivalent  and  quadrivalent  sulfur  (sergosine, 
analgine,  sulfodiamine  and  sulfanilamide  preparations  which  do  not  contain  the  thiazol  or  thiodiazol  groups). 
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Sensitivity  of  Sulfur  Detection 


Preparation 


Ammonium 

thiocyanate 

Essential  oil  of 
mustard 

Thiourea 

Cysteine 


Cystine 


Thibon 


Kutizone 


Thyphene 


Norsulfazol 


Soluble 

norsulfazol 


Phthalazol 


Penicillin 


Chemical  formula  and  rational  designation 


NH4— N=C=S 

CH2=CH— CH2— N=C=S 
Allyl  Isothlocyanate 
H,N— C  (=S)— NHa 
H2C  (SH)  CH  (NH2)  — COOH 
a-Aniino-0 -thiopropionic  acid 
HCXX:-CH  (NHal  —  CH*— S— S— CHa— CH  (NHa)- 
-COOH 

Di-a-amino-thiopropionic  acid 

CHs  \  ""  N— NH--C(=S)-NH2 

\*  I  I 

C(:0)NH/\/ 

p-Acetaminobenzaldehyde  thiosemicarbazone 
/^-CH=N— NH-C(=S)— NHa 

(HsQaCH-!^  IJ 

p-Isopropylbenzaldehyde  thiosemicarbazone 
/ - 

S-CHaCHa— N(CaH6)HCl 

The  hydrochloride  of  the  3  -diethylaminoethyl 
ether  of  thiodiphenylacetic  acid 


N 


HaN— : 


—SOa— NH  — ! 


S 


2-(p-Aminobenzenesulfamido)“thiazol 

N 

HaN— ^  SOa—  N— 

r!a  ^ 

Sodium  salt  of  norsulfazol 
COOH 


II 

o 

2-(p-Phthalaminobenzenesulfamido)-thiazol 
®  S 

y - \-CHa— C— NH— CH— CH  C(CH8)2 

\=/  i  •  I 

0=  C  — N— CH— Cf 

^OK 

Potassium  salt  of  benzenepenicillin 


Limiting 

dilution® 

Limit 

Of  de¬ 
tection, 

7 

1 : 10000 

2 

1 : 10000 

1 

1:20000 

1 

1 :40000 

0.5 

1:20000 

1,5 

1 : 10000 

3 

1 : 20  000 

2 

1  -.4000 

5.2 

1  : 5000 

6 

1  :3300 


1 :4000 


1  :4000 


Continuation  of  Table 


Preparation 


Chemical  formula  and  rational  designation 


(Limiting 
i  dilution 


Limit  of 
detection , 

y 


Vitamin  Bj. 
(thiamin  bro¬ 
mide) 


Ethazol 


Me  thy  1- 
thiouracil 


— CH,  —  Nn— 71— CHa 


N  HBr 


I— CHjCHaOH 


Br- 

V2  HaO 


1  :8000 


The  hydrobromide  of  N-(2-methyl-4-amino-5-  ' 
methylpyrimidine)-methyl-5-8  -hydroxyethyl-  * 
thiazolium  bromide  ! 

N  N  1 


H2N 


1  :5000 


2-(p-Aminobenzenesulfamido)-5-ethyl-3,4 

thiodiazol 

CHa 

1 


NH  ^ 


6-Methylthionracil 


1  :4000 


2.5 


The  reaction  suggested  permits  identification  of  the  test  medicinal  preparations  and  allows  them  to  be 
distinguished  from  other  sulfur-containing  organic  compounds:  in  particular,  it  permits  sulfanilamide  prepara¬ 
tions  containing  thiazol  and  thiodiazol  groups  to  be  distinguished  from  other  sulfanilamides.  We  have  also  used 
the  reaction  described  for  differentiating  penicillin  from  other  antibiotics.  Under  the  conditions  used,  grami¬ 
cidin  C,  levomycetin,  syntomycin,  streptomycin,  and  biomycingave  negative  results.  It  must  be  emphasized 
that  the  reaction  described,  in  contrast  to  the  Lassaigne  test,  can  be  used  for  differentiating  a  number  of  other 
derivatives  of  the  classes  of  sulfur-containing  compounds  listed  above.  Tests  have  also  shown  that  it  is  possible 
to  use  the  reaction  suggested  as  a  spot  test  for  detecting  thiosulfate  ions  which  contain  divalent  sulfur. 

The  presence  of  sulfide  ions  interferes  with  detection  of  sulfur.  However,  in  contrast  to  the  iodoazide  re¬ 
action,  the  presence  of  sulfide  ions  in  a  test  solution  can  readily  be  established  by  a  preliminary  spot  test  with 
sodium  nitroprusside  [1]. 

Detection  of  thioether  and  thioketone  sulfur  in  plant  materials  and  protein  materials.  We  have  used  the 
spot  reaction  described  for  studying  certain  plant  materials  containing  biologically  active  materials  whose 
molecules  contain  thioether  and  thioketone  sulfur.  We  took  some  heads  of  onions  (Allium  cera)  and  garlic 
(Allium  sativum)  which  are  rich  in  essential  oils,  the  main  component  of  which  are  the  disulfide  CeHi2S2:  seeds 
of  Brassica  juncea  and  Brassica  nigra,  containing  the  glucoside  sinigrin;  seeds  of  Sinapis  alba  containing  the 
glucoside  sinalbin;  roots  of  Raphanus  sativus  and  Armorica  rusticana  which  contain  an  appreciable  percentage 
of  the  antibiotic  lizomycin  [10],  which  in  its  chemical  composition  is  a  polypeptide  with  five  cystine  residues 
[11].  Sulfur  was  found  in  all  the  materials  indicated.  For  examining  onions  and  garlic,  a  slice  of  1-2  mm*; 
was  placed  in  a  microcrucible  and  2  drops  of  a  1%  sodium  hydroxide  solution  added  the  mixture  was  evaporated 
the  appearance  of  a  light-yellow  color  (the  mixture  is  not  heated  to  dryness);  it  was  then  cooled  and  1-2  drops 
of  a  0.1%  sodium  nitroprusside  solution  added.  The  appearance  of  a  red -violet  or  red  color  which  was  stable  for 
1-1.5  minutes  indicated  the  presence  of  a  sulfui^containing  essential  oil.  The  method  of  detecting  lizomycin 
in  Raphanus  sativus  and  Armorica  rusticana  differed  only  in  the  use  of  a  2%  sodium  hydroxide  solution.  For  de¬ 
tecting  sulfur-containing  glucosides  in  the  seeds  of  various  types  of  mustard,  one  seed  was  crushed  in  a  micro¬ 
crucible  by  means  of  a  glass  rod,  a  drop  of  2%  sodium  hydroxide  solution  was  added  and  the  procedure  outlined 
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above  for  onions  and  garlic  followed.  A  red-violet  color  which  was  stable  for  about  one  minute  was  obtained. 

The  presence  of  appreciable  amounts  (up  to  35%)  of  fatty  oil  in  the  mustard  seeds  did  not  interfere.  Similar 
results  were  obtained  with  mustard  powder. 

Thus,  the  reaction  suggested  permits  one  to  establish  the  presence  of  various  sulfur-containing  organic 
materials  with  strong  biological  action  in  test  plant  materials.  This  reaction  may  be  used  as  a  diagnostic  sign 
for  ascertaining  the  nature  of  unknown  plants  (thus  the  presence  of  the  sulfur -containing  glucosides  sinigrin  and 
sinalbin  is  characteristic  of  the  Cruciferae  alone).  Using  this  reaction  it  is  possible  to  distinghish  between  essential 
oils  which  contain  sulfur  and  those  which  are  free  from  sulfur,  both  in  the  plant  itself,  and  also  on  the  pure 
materials.  Experiments  carried  out  with  aniseed,  peppermint,  lemon,  and  thyme  oils  which  do  not  contain 
sulfur,  gave  negative  results.  In  addition,  this  spot  test  can  give  an  idea  of  whether  sulfur  containing  essential 
oils,  glucosides,  or  antibiotics  are  present  in  various  parts  of  the  plant  at  various  periods  in  the  growth  of  the 
plant. 

For  the  detection  of  sulfur  in  sulfur -containing  amino  acids  and  proteins  during  biochemical  studies,  the 
reaction  usually  adopted  is  formation  of  lead  sulfide  on  boiling  the  test  material  in  a  mixture  of  lead  acetate 
and  sodium  hydroxide  solutions.  There  is  no  published  information  on  the  use  of  this  reaction  for  carrying  out 
spot  tests,  A  spot  reaction  for  detection  of  sulfur  in  natural  horn  [2]  which  is  based  on  formation  of  iron  thio¬ 
cyanate  is  more  complicated  than  the  reaction  which  we  have  developed. 

We  have  succeeded  in  getting  positive  resultsduring  detection  of  sulfur  in  one  drop  of  egg  albumen  and  in 
salive  .  Particularly  good  results  are  given  by  materials  containing  keratin:  wool  fiber,  hair,  and  horn  tissue. 
About  5  mm  of  fiber,  5-6  cm  of  hair,  or  about  0.003  g  of  horn  tissue  was  mixed  with  two  drops  of  10%  sodium 
hydroxide  in  a  microcrucible,  the  mixture  was  evaporated  to  dryness,  it  was  then  cooled  and  1-2  drops  of  0.17° 
sodium  nitroprusside  added  to  the  residue.  When  keratin  was  present  an  intense  red -violet  color  appeared. 

Silk  fiber  which  does  not  contain  sulfur  gave  a  negative  result  under  these  conditions.  Cotton  did  not  give  a 
positive  result  either.  On  this  basis  we  have  used  the  method  of  detecting  keratin  described  for  distinguishing 
wool  from  silk  and  cotton.  The  color  of  wool  fabric  did  not  interfere  with  the  reaction.  This  method  can  also 
be  used  to  establish  whether  horn  being  tested  is  genuine. 

The  advantages  of  the  spot  reaction  described  for  biochemical  studies  are  its  simplicity,  the  ease  with 
which  it  can  be  canied  out,  and  the  insignificant  amount  of  test  material  required. 

The  author  wishes  to  thank  V.  N.  Bernshtein  for  directing  the  work  described  here, 

SUMMARY 

A  spot  method  which  is  described  for  detecting  thioether  and  thioketone  sulfur  in  certain  medicinal  pre¬ 
parations,  plant  materials,  sulfur -containing  essential  oils,  amino  acids,  and  proteins  is  based  on  formation  of 
sulfide  on  sintering  the  test  material  with  sodium  hydroxide.  Sodium  nitroprusside  is  used  as  the  reagent. 

The  sensitivity  of  the  reaction  for  ammonium  thiocyanate,  essential  oil  of  mustard,  thiourea,  cystfine, 
cystine,  thibon,  cutizon,  thyphene,  norsulfazol,  soluble  norsulfazol,  phthalazol,  penicillin,  thiamine,  and 
methyl thiouracil  varies  from  0.5  to  6y  . 
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DETERMINATION  OF  THE  STRUCTURE  OF  PARAFFIN  AND  NAPHTHENIC 
HYDROCARBONS  BY  INFRARED  SPECTROSCOPY 

Yu,  P.  Egorov,  V.  A,  Shly apochniko v ,  and  A.  D.  Petrov 

The  N.  D.  ZelinskU  Institute  of  Organic  Chemistry,  Acad.  Sci.  USSR,  Moscow 

In  the  present  article,  which  is  devoted  to  a  description  of  further  work  on  the  structure  of  the  hydrocarbons 
of  the  kerosene  fraction  of  motor  fuel  [1-2],  a  method  is  suggested  for  the  determination  of  the  number  of  CH2- 
and  CH8 -groups  in  strongly  branched  paraffins  and  6-membered  naphthenic  hydrocarbons,  which  is  based  on  their 
infrared  spectra  in  the  region  2800-3000  cm"^.  Since  chemical  methods  of  studying  the  structure  of  such  complex 
compounds  are  difficult,  while  these  compounds  are  finding  greater  use  in  modern  techniques,  the  problem  of  their 
structure  is  a  pressing  one. 

The  problem  of  determining  the  number  of  CHj-  and  CH3 -groups  in  hydrocarbons  has  attracted  the  at¬ 
tention  of  research  workers  before  [3-9],  but  the  methods  suggested  have  either  only  been  applied  to  slightly 
branched  hydrocarbons  or  have  involved  very  complicated  experimental  procedures. 

Rose  [3]  has  shown  that  the  groups  CH3,  CHj,  CH,  and  CHatomatic  several  characteristic  peaks  in 
the  interval  5000-9000  cm”^,  and  measurement  of  the  intensity  of  such  peaks  permits  determination  of  the  num¬ 
ber  of  these  groups  in  a  molecule,  as  long  as  their  mutual  overlapping  is  taken  into  account.  However,  the  form¬ 
ulas  which  he  suggested,  in  view  of  changes  in  the  extent  of  overlapping  of  the  bands,  have  not  always  proved 
reliable.  In  a  particular,  for  branched  hydrocarbons,  the  error  in  determining  the  number  of  groups  may  be  as 
much  as  30-50%,  Moreover,  a  considerable  amount  of  test  material  (10-15  ml)  is  required  for  analysis  in  the 
overtone  re  gion  because  of  the  very  weak  absorption. 

An  almost  identical  study  was  carried  out  by  Hastings  [4]  for  the  region  of  valence  CH -vibrations  (2800- 
3000  cm"^).  The  calculating  formulas  he  derived  also  give  satisfactory  results  for  normal  paraffins  and  low 
molecular  weight  naphthenes,  but  these  formulas  can  lead  to  significant  errors  when  determining  CH3-  and  CH2" 
groups  in  high  molecular  weight  compounds  (C22  higher). 

Interesting  results  for  normal  paraffins  were  obtained  by  Jones  [9],  By  careful  measurement  of  the  peak 
intensity  of  the  bands  at  2930  and  2965  cm"^,  which  relate  to  vibrations  of  CH2  and  CH3  groups  respectively,  he 
established  that  there  is  a  strict  proportionality  between  the  number  of  CH2 -groups  and  the  intensity  of  the 
2930  cm  peak.  On  an  average,  the  molar  absorption  coefficient  ( e )  for  one  CH2“group  amounted  to  74  units. 
No  direct  relation  was  established  for  the  2965  cm"^  peak.  This  deviation  from  proportionality  in  the  changes 
of  €  for  the  2965  cm"^  band  (as  the  results  of  this  work  and  [4]show)is  explained  by  overlapping  of  the  2930  and 
2965  cm"^  bands. 

Egorov  and  Petrov  [1]  have  suggested  a  graphical  method  for  determining  the  number  of  CH3-  and  CH2- 
groups  in  Ci2‘Cis  paraffins,  which  is  based  on  measuring  the  ratio  of  the  absorption  of  the  2930  cm"  peak  to  that 
of  the  296  cm"  ^  peak.  This  method  permits  one  to  determine  comparatively  accurately  and  rapidly  the 
average  degree  of  branching  of  hydrocarbon  fractions  which  do  not  contain  very  complex  paraffins;  the  method 
is,  however,  not  applicable  to  highly  branched  molecules. 

It  might  be  mentioned  that  analysis  of  paraffins  in  the  region  2800-3000  cm"^  has  the  advantage  that  it 
only  requires  a  very  small  amount  of  material  (about  30  mg).  In  addition,  the  2930  and  2965  cm"*  bands  in 
the  infrared  spectra  of  this  class  of  compounds  are  characteristic  and  hardly  change  their  position  at  all  in 
molecules  of  different  structure. 


Some  authors  [5-7]  have  studied  the  region  of  deformation  frequencies  in  CH3  (1360-1470  cm“^)  and 
CHj -groups  (720,  1300,  and  1460  cm“^).  It  has  been  established,  however,  that  the  peak  intensities  of  the  bands 
are  not  proportional  to  the  number  of  methyl  and  methylene  groups;  in  addition,  in  a  number  of  instances,  the 
frequencies  in  the  spectra  of  branched  paraffins  split  up.  The  use  of  these  methods  is  not  so  convenient,  since  it 
becomes  necessary  to  determine  the  integral  intensities  of  the  bands  examined,  and  this  is  very  difficult  in  prac¬ 
tice. 

Taking  into  account  the  advantages  and  disadvantages  of  the  methods  which  have  been  briefly  described, 
and  also  bearing  in  mind  our  own  work  in  this  field  [1,2,10],  we  concluded  that  measurement  of  the  peak  in¬ 
tensities  of  the  two  absorption  bands  of  valence  CH -vibrations  at  2965  and  2930  cm“^,  taking  into  account  mutual 
overlapping  in  each  individual  case,  makes  it  possible  to  determine  the  number  of  CH2-  and  CH3 -groups  satisfac¬ 
torily  in  branched  paraffins.  We  also  established  that  the  number  ofthese  groups  in  naphthenes  of  the  type  CjH^j-R, 
where  R  is  aliphatic,  can  be  established  by  measurement  of  the  intensities  of  the  same  bands.  The  latter  proved 
to  be  possible  because  the  absorption  bands  of  the  CHj -groups  of  a  six-membered  ring  do  not  differ  in  position, 
and,  as  it  turned  out  subsequently,  do  not  differ  in  intensity  eithej;  from  the  bands  of  CH2-group8  in  paraffins. 

TABLE  1 

Intensities  of  the  Absorption  Bands  at  2930  and  2965  cm"^  in  Paraffins 
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TABLE  1  (Gont’d) 
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TABLE  2 

Intensities  of  the  Absorption  Bands  at  2930  and  2965  cm“^  in  Slx-Membered  Naphthenes 
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The  experimental  procedure  adopted  is  described  below,  together  with  the  method  used  for  treating  the 
spectral  results  obtained. 

The  compounds  which  we  tested  and  which  are  listed  in  Tables  1  and  2  were  synthesized  by  published 
methods  [11, 14].  The  structural  formulas  given  can  be  regarded  as  correct  on  the  basis  of  spectral  and  chem¬ 
ical  results.  In  some  doubtful  cases  we  carried  out  additional  studies  by  the  usual  method  [15-17]. 

Infrared  absorption  spectra  were  obtained  for  each  paraffin  and  naphthene  in  the  region  2800-3000  cm"^  on 
an  IKS -11  spectrometer  fitted  with  a  LiF  prism.  The  thickness  of  the  absorbing  layer  was  0.1  mm  while  the 
width  of  the  inlet  and  outlet  slits  of  the  apparatus  was  0.13  mm.  In  order  to  obtain  reliable  results  the  spectrum 
of  each  compound  was  recorded  4-5  times.  Our  main  attention  was  given  to  the  absorption  bands  at  2930  and 
2965  cm”^,  which  relate,  as  pointed  out  already,  to  antisymmetric  vibrations  of  CH2-  and  CH3 -groups  respectively 
[1].  In  Fig.  1  are  given  as  examples  the  absorption  curves  for  a  paraffin  and  a  naphthene  in  the  part  of  the  spec¬ 
trum  we  were  interested  in. 

As  an  analysis  of  the  contours  of  the  bands  considered  showed,  their  shape  can  be  regarded  as  symmetrical 
and  is  fairly  accurately  described  by  a  dispersion  formula.  On  this  basis  the  complex  total  contour  can  be  re¬ 
solved  into  its  individual  components.  An  example  of  such  a  resolution  is  shown  in  Fig.  1  by  the  dotted  line. 

In  almost  all  cases  this  leads  to  good  results  for  subsequent  determination  of  the  intensities  of  the  peaks.  In  order 
to  get  the  true  value  of  the  optical  density  (Dq)  it  is  normally  necessary  to  introduce  corrections  for  the  final  slit 
width  of  the  apparatus  [10],  A  consideration  of  this  question  as  it  relates  to  our  experimental  conditions  showed 
that  for  a  slit  width  of  0,13  mm  (6  cm“*  according  to  the  spectrum)  it  is  possible  in  practice  to  do  without  the 
correction,  since  it  did  not  increase  D®  by  more  than  1,05  times.  This  enabled  us  to  measure  directly  the  ob¬ 
served  value  of  the  peaks  obtained  after  resolution.  Further  calculations  of  the  Intensity  were  carried  out  by 
means  of  the  usual  formula:  e  =  Dj  / cd,  where  c  is  the  concentration  in  g,mole/ liter,  and  d  is  the  layer 
thickness  in  cm.  The  final  experimental  results  are  summarized  in  Tables  1  and  2,  The  tables  include:  the 
formula  of  the  test  compound;  the  values  of  €  found  experimentally  on  the  basis  of  the  2930  and  2965  cm"^ 
bands;  the  number  of  units  of  intensity  per  CHj-  or  CH3 -group  (p  =  c/ n)  (where  n^  is  the  number  of  the  ap¬ 
propriate  groups);  the  true  number  of  groups  n;  the  number  of  groups  actually  found  n*  (n*  =  €  /Pfnean 
difference  between  the  true  and  experimentally  determined  number  of  groups  An  =  [n-n']. 

The  results  given  in  Tables  1  and  2  confirm  that  the  value  of  the  extinction  coefficient  P  per  group  (CH2 
or  CH3)  is  independent  of  the  structure  of  the  hydrocarbon  chain.  For  CH2-groups  proved  to  be  100 

units,  while  for  CH2 “groups  it  was  found  to  be  90  units.  As  is  evident,  the  deviation  of  ^e  number  of  CH3-  and 
CH2"groups  found  from  the  true  value(An=[n-n*]  is  not  great  and  does  not  exceed  0.5  of  a  group;  this  means, 
in  many  cases,  that  it  is  possible  to  decipher  the  structure  of  Individual  compounds,  and  also  to  get  an  idea  of 
the  average  degree  of  branching  of  mixtures  (Table  3). 
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TABLE  3 

Determination  of  the  Mean  Degree  of  Branching  of  Mixtures 


Composition 
of  thfe  mixture,, 

Mean  number 
of  CH3 -groups 
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Error, 
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Mean  number 
of  CH2' groups 

Error  ,*70 
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calc. 
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4,96 

8,00 

7,20 

6,63 
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3,6 

7.3 

1.3 

Mean 

4,2 

Mean 
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(Mixtures  are  made  up  of  two  components  each  of  which  are 
0^2  hydrocarbons:  1)  a  normal  paraffin  and  2) 

c 

C-^-C-C-C-C-C-C). 

)  I  I 

c  c  c 

The  significant  deviations  from  the  mean  values  of  and  Pj  observed  in  some  cases  (e.g.,  Table  1)  may 
be  explained  by  inaccuracies  in  resolving  the  bands  or  by  insufficient  purity  of  the  test  compound. 

On  can  expect  that  by  using  a  better  apparatus,  a  two-lens  spectrometer  with  a  fairly  good  resolving 
power,  the  efficiency  of  the  method  could  be  considerably  increased  and  the  possible  applications  of  the 
method  extended. 

SUMMARY 

A  method  is  suggested  for  determining  the  number  of  CH2-  and  CI^ -groups  in  highly  branched  paraffins 
and  in  six  membered  naphthenes. 

The  mean  extinction  coefficients  of  certain  infrared  absorption  bands  which  relate  to  valence  vibrations 
of  CH2-  and  CH3 -groups  have  been  determined,  and  it  has  been  shown  that  they  are  additive  in  character. 
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The  rate  of  interaction  between  chlorine -containing  organic  compounds  and  potassium  iodide  (RCl  +  KI-*- 
"*■  RI  +  KCl)  in  anhydrous  acetone  has  been  studied  in  connection  with  the  mobility  of  chlorine  [1].  The  reac¬ 
tion  rate  has  been  measured  on  the  basis  of  the  amount  of  potassium  iodide  entering  into  the  reaction,  excess  of 
the  iodide  being  titrated  with  0.003  M  sodium  iodate  in  a  hydrochloric  acid  medium  in  the  presence  of  chloro¬ 
form  [2],  In  one  paper  [3]  the  reaction  with  potassium  iodide  has  been  used  for  the  quantitative  determination 
of  l-chloro-3-methylbutane  in  the  presence  of  l-chloro-2-methylbutane.  K.  V.  Lets  et  al  [4]  have  determined 
certain  primary  chlorides  by  their  reaction  with  an  urotropine  complex  (KI  +  urotropine  +  acetone);  the  amount 
of  mobile  chlorine  was  determined  from  the  amount  of  urotropine  used 

We  were  interested  in  the  possibility  of  using  the  reaction  with  KI  for  the  quantitative  determination  of 
the  mobile  chlorine  of  organic  compounds  in  the  presence  of  halogen  derivatives  whose  chlorine  has  low 
mobility. 

The  reaction  was  carried  out  with  a  saturated  solution  of  potassium  iodide  in  anhydrous  acetone,  while  the 
amount  of  potassium  iodide  which  had  reacted  was  determined  from  the  amount  of  potassium  chloride  which 
settled  out  of  solution.  We  could  not  make  use  of  the  titration  of  potassium  iodide  with  sodium  iodate  in  a  hy¬ 
drochloric  acid  medium,  since,  in  the  case  of  unsaturated  halogen  derivatives,  as  our  experiments  showed,  the 
method  does  not  always  give  good  results. 

Potassium  chloride  is  almost  insoluble  in  anhydrous  acetone,  while  potassium  iodide  is  readily  soluble  and 
can  be  completely  separated  from  potassium  chloride.  The  potassium  chloride  is  washed  free  from  traces  of 
potassium  iodide,  it  is  then  dissolved  in  the  minimum  possible  amount  of  water  and  is  finally  titrated  by  the 
Mohr  method.  The  organic  halogen  derivative  is  removed  during  the  washing  process. 

The  organic  halogen  derivatives  used  had  the  chlorine  on  the  primary  carbon  atom;  they  included;  benzyl 
chloride,  cuminyl  chloride,  cuminylidene  chloride,  0 -phenylallyl  chloride,  allyl  chloride,  methylallyl  chloride, 
isobutyl  chloride,  2-methyl-4-chlorobutene-2  (isoprene  chloride),  monochloroacetic  acid,  etc. 

In  the  case  of  benzyl  chloride,  the  reaction  takes  a  more  than  three  days  to  go  to  completion  at  room 
temperature;  at  50"  the  reaction  is  98f7o  complete  after  3  hours,  while  at  the  boiling  point  of  acetone  the  reaction 
is  99-100*^0 complete.  From  the  results  given  in  Table!  itis  clear  that  all  the  compounds  we  tested,  which  had 
the  chlorine  on  the  primary  carbon  atom  and  an  active  group  in  the  a -position  (double  carbon -carbon  bond, 
benzene  ring,  carboxyl  group)  react  quantitatively  with  potassium  iodide  in  anhydrous  acetone,  although  the 
reaction  rate  differs  for  the  various  chlorides.  The  compound  which  reacts  most  readily  with  potassium  iodide 
is  monochloroacetic  acid:  in  the  case  of  allyl  chloride  and  methylallyl  chloride  on  the  other  hand.the  reaction 
only  goes  to  completion  after  boiling  for  four  hours.* 

•it  should  be  noted  that  the  reaction  with  potassium  iodide  in  anhydrous  acetone  is  the  only  method  for  determ¬ 
ining  these  two  compounds,  without  counting  the  method  of  elemental  analysis,  of  course. 
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TABLE  1 


Halogen  derivative 

Duration  of 
the  reaction 
hours 

[Weight  of 
sample 
taken 

Chloride 

1  found ,% 

Benzyl  chloride 

2 

0,0897 

84,7 

It  ^  tl 

3 

0,1073 

99,9 

Cuminyl  chloride 

2 

0,0897 

87,9 

It  ft  It 

3 

0,1040 

100,0 

Phenylallyl  chloride, 
primary 

2 

0,1333 

95,1 

It  It 

3 

0,1020 

99,0 

Allyl  chloride 

3 

0,0949 

89,3 

It  M 

4 

0,0989 

98,3 

J^ethylal^yl  chloride 

3 

0,0983 

92,7 

4 

0,0907 

99,7 

Monochloroacetic  acid 

0,0826 

94,6 

W  It 

1 

2 

0,0803 

95,6 

2  -Methyl-4^hlorobutene-5 

■-  1 

0,0890 

85,0 

II 

2 

0,1047 

98,7 

Geranyl  chloride 

0,5 

0,1129 

73,6 

ft  It 

1 

0,1032 

75,6 

TABLE  2 


Mixture 

Taken, % 

Found, % 

Mixture 

Taken,% 

Found, 7o 

Benzyl  chloride  and 

Cuminyl  chloride 

benzylidene  chloride 

66.8 

66.2 

and  cuminylide 
chloride 

31.57 

31.53 

«  « 

12.67 

12.64 

15.40 

15,43 

Benzylidene  chloride  and  cuminylidene  chloride  do  not  react  with  potassium  iodide,  while  the  correspond¬ 
ing  monochlorides  are  quantitatively  converted  into  the  iodides.  This  fact  means  that  it  should  be  possible  to 
develop  a  method  for  the  separate  determination  of  mono-  and  dichlorides  in  each  others  presence.  We  should 
point  out  that  the  method  used  for  benzyl  chloride,  in  which  it  is  saponified  with  0.5  N  alcoholic  potassium  hy¬ 
droxide,  is  not  suitable  for  its  separate  determination  since  the  dichlorides  also  partially  react  (lO-lB^o)  under 
these  conditions. 

Separate  determination  of  benzyl  chloride  and  cuminyl  chloride  in  the  presence  of  benzylidene-  and  cum¬ 
inylidene  chloride  was  carried  out  on  synthetic  mixtures.  Total  chlorine  was  determined  by  saponification  with 
0,5  N  alkali  in  50%  aqueous  ethylene  glycol;  in  order  to  enhance  the  solubility  of  benzyl  chloride,  a  mixture 
of  2  5%  ethanol  and  25%  water  was  used  instead  of  the  50%  water. 

The  geranyl  chloride  used  for  our  work  was  prepared  by  Pigulevskii's  method  [B],  and  had  the  following 
constants:  n*®D  1,4771;  d*®^  0,9274  (published  data  [6]:  d^D  1,4796;  d*®^  0,9295),  The  following  chloride 
values  were  found  for  this  material;  98%  by  saponification  with  alcoholic  alkali,  75%  by  the  reaction  with  KI 
in  anhydrous  acetone,  and  74,7%  by  the  reaction  with  the  urotropine  complex.  A  comparison  of  these  results 
leads  one  to  suggest  that  the  sample  we  used  actually  contains  about  75%  of  the  primary  chloride  (geranyl  chlor¬ 
ide)  and  25%  of  chlorides  which  are  not  determined  by  this  method.  This  fact  was  confirmed  by  infrared  spectro¬ 
scopy  and  by  combination  scattering  spectra.  The  combination  scattering  spectrum  had  the  following  intense 
lines  (in  672,  925,  990,  1162,  1225,  1252,  1324,  1379,  1431,  1662  and  1673.  The  presence  of  the  two 

frequencies  C=C  1662  and  1673  cm"*  is  in  agreement  with  die  structure  of  geranyl  chloride  in  which  there  are 
two  non-terminal  C=C  bonds,  A  band  with  a  frequence  of  920  cm"*  was  observed  in  the  infrared  spectrum;  this 
indicates  the  presence  of  small  amounts  of  terpenyl  chloride. 
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Both  terpenyl  chloride  and  isobutyl  chloride  which  have  the  chlorine  atom  on  the  tertiary  carbon  atom  do 
not  react  with  potassium  iodide.  Accordingly,  the  sample  which  we  tested  actually  only  contains  about  75*70 
geranyl  chloride,  and  the  reaction  with  potassium  iodide  correctly  characterizes  its  purity. 

EXPERIMENTAL  PROCEDURE 

The  acetone  used  was  dried  over  calcium  chloride  and  then  distilled;  it  contained  ^  0,3*70  of  water; the 
latter  was  determined  by  the  Karl  Fischer  method. 

The  potassium  chloride  was  dried  for  one  hour  at  120**  before  it  was  dissolved  in  the  acetone;  the  solution 
was  stored  over  CaCl2  in  a  desiccator. 

An  aliquot  of  the  halogen -containing  test  material  (about  0.1  g)  was  placed  in  a  100-150  ml  flask  together 
with  30  ml  of  the  saturated  solution  of  potassium  chloride.  The  reaction  mixture  was  boiled  under  reflux  on  an 
air  bath  until  potassium  chloride  had  finished  separating  out  (0.5,  2,  4,  etc.,  hrs). 

When  the  reaction  was  complete, 10  ml  of  anhydrous  acetone  was  added  to  the  flask  through  the  condenser, 
and  after  10-15  minutes  heating  the  reaction  mixture  was  passed  through  a  glass  filter.  The  precipitate  was 
washed  with  anhydrous  acetone  until  the  washings  gave  a  negative  test  for  iodide  (test  with  AgN03  solution).The 
precipitate  which  had  been  washed  with  acetone  was  dissolved  in  a  small  volume  of  water  and  the  chloride  ion 
determined  in  the  aqueous  solution  by  the  Mohr  method. 

Total  benzyl  and  benzylidene  chlorides  were  determined  by  a  method  published  previously  [5J  the  only 
difference  in  the  method  was  the  use  of  0.5  N  alkali  in  aqueous-alcoholic  ethylene glycol(50*7>  ethylene  glycol- 
25*7o  water-25*7o  ethanol)  to  enhance  the  solubility  of  benzyl  chloride. 

Benzylidene  chloride,  cuminylidene  chloride,  tertiary  isobutylchloride,  and  terpenyl  chloride  do  not  react 
with  KI. 

Results  for  the  determination  of  benzyl  chloride  and  cuminyl  chloride  in  their  mixtures  with  the  correspond¬ 
ing  dichlorides  are  given  in  Table  2. 


SUMMARY 

A  method  has  been  developed  for  the  quantitative  determination  of  certain  primary  chlorides  by  the  re¬ 
action  with  potassium  iodide  in  anhydrous  acetone. 

It  has  been  established  that  benzylidene  chloride,  cuminylidene  chloride,  isobutyl  chloride  (te  rtiary),and 
terpenyl  chloride  do  not  react  with  potassium  iodide. 

A  method  is  suggested  for  the  separate  determination  of  benzyl  ch!  ride  and  cuminyl  chloride  in  their  ' 
mixtures  with  the  corresponding  dichlorides;  a  method  is  also  suggested  for  the  determination  of  geranyl  chloride 
in  the  presence  of  linalyl-  and  terpenyl  chlorides. 
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PHYSICOCHEMICAL  METHODS  OF  DETERMINING  ANTIBIOTICS 


COMMUNICATION  9.  A  PHOTOMETRIC  METHOD  FOR  THE  DETERMINATION 
OF  POLYMYXIN  * 

V.  D.  Kartseva  and  B,  P.  Bruns 

The  All-Union  Scientific  Research  Institute  of  Antibiotics,  Moscow 


In  order  to  control  the  fermentation  process  of  producing  polymyxin, and  also  for  controlling  the  character¬ 
istics  of  the  finished  product,  a  reliable  method  for  its  quantitative  determination  is  required.  The  biological 
method  is  not  suitable  because  it  takes  a  long  time  and  the  results  obtained  are  not  accurate  enough.  Chemical 
methods  of  determining  polymyxin  B  by  means  of  the  ninhydrin  reaction  [1,2]  and  phosphotungstic  acid  [3]  are 
complicated  and  are  not  suitable  for  production  conditions. 

In  order  to  determine  the  polymyxin  cchttent  of  a  solution  we  used  the  biuret  reaction  which  is  widely  used 
for  the  quantitative  determination  of  proteins  of  plant  and  animal  origin  [4].  Polymyxin,  which  is  polypeptide 
in  nature,  also  gives  with  a  cupric  sulfate  solution  in  the  presence  of  caustic  alkali  a  violet  color  which  is  char¬ 
acteristic  for  a  biuret  complex. 


Ion  exchange  resins  are  used  at  present  in  polymyxin  production  during  the  process  of  its  chemical  purifica¬ 
tion.  The  ion  exchange  resins  are  used  for  separating  polymyxin  from  compounds  of  a  protein  nature  which  are 
formed  at  the  same  time  as  polymyxin  during  biosynthesis.  The  eluates  obtained  on  desorbing  polymyxin  horn 
the  ion  exchange  resins  with  a  solution  of  acid  in  methanol,  as  well  as  the  concentrates  and  dry  preparations  of 
polymyxin,  hardly  contain  any  impurities  which  give  the  biuret  reaction.  This  means  that  it  is  possible  to  use  the 
biuret  reaction  for  the  quantitative  determination  of  polymyxin  in  the  preparations  mentioned. 


After  carrying  out  experiments  at  various  concentrations  of  the  reagent  solutions,  we  decided  to  use  a 
cupric  sulfate  solution  and  0.5  N  caustic  alkali. 


Fig.  1.  The  relation  between  the 
optical  density  D  and  polymyxin 
concentration. 


Fig. 2.  The  relation  between  the 
proportionality  coefficient  K  and 
methanol  concentration. 


•For  Communication  8  see  "Med.Ind.  USSR,*No.4,  49  (1959). 
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Determination  of  the  polymyxin  content  of  a  solution  by  means  of  the  biuret  reaction  consists  of  the  follow¬ 
ing  :  to  10  ml  of  a  polymyxin  solution  with  a  concentration  of  500-1500  y/ml  is  added  10  ml  of  0.5%  cupric 
sulfate  and  4  ml  of  0.5  N  caustic  alkali.  The  precipitate  of  cupric  hydroxide  which  is  formed  is  filtered  off  and 
the  optical  density  of  the  transparent  filtrate  which  has  a  violet  color  is  measured  (a  cuvette  with  a  layer  thick¬ 
ness  of  5  cm).  The  polymyxin  concentration  of  the  solution  is  determined  by  means  of  a  calibration  curve.  The 
color  which  develops  as  result  of  the  reaction  between  polymyxin  and  copper  is  fairly  stable  and  remains  constant 
for  1  hour.  The  optical  density  is  directly  proportional  to  the  polymyxin  concentration  of  the  solution  (Fig.  1). 

Glycocol, histamine,  and  sodium  chloride  have  hardly  any  effect  on  the  optical  density  of  the  solution; 
methanol  increases  it.  This  fact  should  be  borne  in  mind  when  determining  the  polymyxin  content  of  methanol 
solutions.  The  polymyxin  concentration  of  solutions  containing  methanol  is  calculated  by  means  of  the  formula 
C  =  D*K,  where  C  is  the  polymyxin  concentration  of  a  solution  in  y/ ml,  D  is  the  optical  density,  and  K  is  the 
proportionality  coefficient. 


The  relation  between  the  values  of  the  proportionality  coefficient  and  the  methanol  content  of  the  solution 
is  shown  in  Fig.  2.  Knowing  the  methanol  content  of  a  test  solution, the  corresponding  value  of  K  is  found. 

The  method  described  for  determining  polymyxin  is  fully  re¬ 
producible;  it  takes  10-15  minutes  to  carry  out.  It  permits  determ¬ 
ination  of  polymyxin  in  dry  preparations  and  also  in  concentrates 
and  eluates  obtained  on  desorbing  polymyxin  (from  ion  exchange 
resins  by  means  of  acid  methanol).  The  results  are  in  good  agree¬ 
ment  with  the  results  of  a  direct  biological  determination  of  the 
activity  of  these  preparations  by  the  metiiod  of  diffusion  in  agar 
(Table  ). 


Polymyxin 

found: 

Test 

material 

chemi¬ 

cally 

biologically 

Dry  preparation 

1030 

1000 

1000 

900 

940 

920 

800 

830 

880 

900 

Concentrates, 

45500 

45100 

eluates  (in  y  /ml) 

13100 

37500 

13150 

39200 

4000 

4570 

21000 

20600 

Impurities  which  are  always  present  in  culture  liquids  interfere 
with  the  determination  of  polymyxin  in  these  liquids.  For  separating 
polymyxin  from  culture  liquids  it  is  possible  to  use  its  basic  proper¬ 
ties  which  ensure  that  it  is  readily  adsorbed  by  cation  exchange 
resins.  Preliminary  work  along  these  lines  has  shown  that  polymyxin 
can  be  quantitatively  sorbed  from  culture  liquids  by  means  of  the 
ion  exchange  resin  KB-1,  and  can  be  completely  eluted  from  the 
resin  by  a  solution  of  hydrochloric  acid  in  methanol.  The  eluate 
obtained  is  free  from  the  Impurities  which  interfere  with  polymyxin  determination.  From  the  polymyxin  content 
of  the  eluate  it  is  possible  to  calculate  thre  polymyxin  content  of  the  original  culture  liquid. 


'  Mean  of  12  determinations 


We  should  like  to  thank  V.  S.  Dmitrieva  and  N.  A.  Bol’shakova  for  their  assistance. 


SUMMARY 

A  method  is  suggested  for  the  quantitative  determination  of  polymyxin  which  is  based  on  a  reaction  be¬ 
tween  polymyxin  and  divalent  copper  in  the  presence  of  alkali,  during  which  a  violet  color  develops.  The  op¬ 
tical  density  of  the  solutions  is  directly  proportional  to  the  concentration  of  the  antibiotic.  The  method  permits 
determination  of  polymyxin  in  dry  preparations  as  well  as  in  the  concentrates  and  eluates  obtained  on  desorbing 
polymyxin  from  cation  exchange  resins. 
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BRIEF  COMMUNICATIONS 


A  NEW  REACTION  FOR  DIVALENT  COPPER  IONS 

K.  I.  Filippova  and  L.  P.  Ivanova 
Moscow  Aviation  Technological  Institute 


The  reaction  suggested  is  based  on  the  formation  of  a  brown -red  precipitate  during  the  interaction  of  Cu*+ 
ions  with  p-toluidine  (P-CH3C6H4NH2)  and  hydrogen  peroxide.  The  reaction  is  carried  out  by  adding  sodium 
acetate  to  the  solution  which  is  to  be  tested  for  copper  ions  until  the  pH  is  6-7;  this  is  followed  by  1  ml  of  a 
saturated  solution  of  p-toluldine  and  2  drops  of  solution.  When  cupric  ions  are  present  a  brown-red  pre¬ 

cipitate  is  formed.  The  precipitate  is  soluble  in  organic  solvents  and  in  acids  to  give  a  cherry  colored  solution. 
The  color  is  stable.  When  the  reaction  is  carried  out  in  a  test  tube  the  sensitivity  is  0.3y  ml;  when  it  is  carried 
out  on  a  porcelain  plate  it  is  0.038  y  *,  the  limiting  dilution  is  1:4,000,000. 

Other  cations,  apart  from  Fe*^  ions  which  give  a  similar  reaction,  do  not  interfere  with  detection  of  cop¬ 
per;  interference  from  Fe*'*’  can  be  overcome  by  oxidizing  it  to  Fe®^  with  nitric  acid.  The  presence  of  cations 
which  are  readily  hydrolyzed  depresses  the  sensitivity  somewhat.  In  such  cases,  when  the  copper  content  is  low, 
the  reaction  should  be  carried  out  by  a  spot  technique.  For  this  purpose,  a  drop  of  test  solution  plus  precipitate, 

1  drop  of  a  saturated  aqueous  solution  of  p-toluidine,  and  1  drop  of  3%  hydrogen  peroxide  are  placed  successively 
on  a  filter  paper.  When  copper  is  present  the  edge  of  the  spot  Is  colored  an  intense  cherry. 

This  reaction  has  been  used  for  th^non-destructive"  determination  of  copper  in  aluminum  alloys. 


EXPERIMENTAL  TECHNIQUE 

On  the  surfaces  of  the  test  alloy  and  of  an  alloy  with  a  known  content  of  copper,  small  "baths"  of  the  same 
size  are  made  of  paraffin  or  wax,.  It  is  also  possible  to  place  a  layer  of  paraffin  3-5  mm  thick  on  the  surface  of 
the  alloy,  and  then  in  the  middle  of  the  surface  covered  with  wax  make  a  small  crater.  In  this  crater,  which  has 
been  cleaned  from  oxides  beforehand,  is  placed  1  drop  of  HCl  (1:1)  and  2  drops  of  concentrated  HNO3.  During 
the  dissolution  process  the  mixture  is  stirred  with  a  glass  rod.  After  3-5  minutes  the  soluiion  is  transferred  by 
means  of  a  capillary  to  a  porcelain  crucible.  The  surface  of  the  samples  is  washed  with  water  and  the  wash  liquors 
combined  with  the  main  solution.  One  drop  each  of  HCl  and  HNO3  are  added  to  the  contents  of  the  crucible  and 
the  whole  heated  on  a  water  bath;  the  solution  is  finally  evaporated  to  dryness.  A  few  drops  of  water  are  added 
to  the  residue  in  the  cooled  crucible,  and  the  residue  from  each  test  transferred  to  equal  measuring  cylinders.The 
crucibles  are  rinsed  out  with  water.  To  each  cylinder  are  added  10  drops  of  a  saturated  solution  of  sodium  acetate, 
4  drops  of  a  saturated  aqueous  solution  of  p-toluidine,  and  2  drops  of  3%  hydrogen  peroxide.  After  5  minutes  10 
drops  of  H2S04(1:1)  is  added.  Under  these  conditions  a  color  which  is  stable  with  time  is  formed. 

To  the  cylinder  with  the  solution  whose  color  is  most  intense  is  added  distilled  water  until  the  color  of  the 
solutions  in  both  cylinders  is  the  same.  A  note  is  made  of  the  volumes  of  the  solutions  in  the  cylinders.  Know¬ 
ing  the  copper  content  of  the  standard  sample,  the  copper  content  of  the  test  alloy  is  calculated  by  means  of  the 
formula:  Ci  =  V1/V2  *  C21  where  is  the  copper  content  of  the  test  alloys,  C2  is  the  copper  content  of  the  stand¬ 
ard  sample,  and  Vj  and  V2  are  the  corresponding  volumes. 

A  determination  takes  15-20  minutes.  The  results  obtained  agree  with  the  results  obtained  by  an  iodo- 
metric  method  and  by  an  electrogravimetric  method. 
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SUMMARY 


A  new,  selective,  and  highly  sensitive  reaction  is  suggested  for  cupric  ionsj  it  is  based  on  the  formation  of 
of  a  colored  reaction  product  when  cupric  ions  interact  with  p-toluidine  and  hydrogen  peroxide.  The  reaction 
has  been  used  for  the  "non -destructive”  determination  of  copper  in  aluminum  alloys. 
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DETERMINATION  OF  COBALT  BY  RADIOMETRIC  TITRATION 
WITH  POTASSIUM  FERROCYANIDE 

/ 

D.  I.  Eristavi,  F.  I.  Broychek,  and  T.  A.  Tsivtsivadze 
The  S.  M,  Kirov  Georgian  Polytechnical  Institute,  Tbilisi 


I.  V.  Tananaev  and  M.  I.  Levina  [1]  having  studied  in  detail  the  system  C0SO4-  K4  [Fe(CN)6]  -  HjO  by 
a  physicochemical  method,  concluded  that  the  reaction  between  C0SO4  and  K4[Fe(CN)g]  proceeds  in  three 
stages:  formation  of  two  double  salts  and  solid  solutions  of  variable  composition.  Subsequently  [2],  the  same 
authors  studied  the  same  system  by  means  of  the  isotope  Ag*^®  in  order  to  establish  the  relative  stability  of  the 
metal  bonds  in  the  outer  sphere  of  the  mixed  ferrocyanides  with  the  ferrocyanide  ions. 

In  our  opinion,  of  considerable  interest  is  the  radiometric  titration  of  cobalt  ions  with  a  solution  of 
K4Fe(CN)4  using  Co®®  as  indicator. 

The  C0SO4  solution  contained  0.62  mg  of  C0SO4  in  1  ml. 

The  normality  of  0.004  M  K4[Fe(CN)4]  was  established  by  titrating  it  with  a  solution  of  potassium  perman¬ 
ganate  using  methyl  violet  as  indicator  (TK^[Fe(CN)5]  “  mg/ml). 

A  C0SO4  solution  containing  the  radioactive  isotope  Co®®  wag  prepared  by  dissolving  metallic  cobalt  con¬ 
taining  Co®®  in  sulfuric  acid.  Excess  acid  was  removed  by  evaporation.  The  cobalt  sulfate  obtained  was  dis¬ 
solved  in  distilled  water  and  the  solution  diluted  appropriately  to  lower  its  specific  activity.  The  solution  thus 
prepared  contained  0.8139  mg  C0SO4  per  ml. 

Checking  the  composition  of  the  cobalt  ferrocyanide  precipitate.  Into  graduated  centrifuge  tubes  were 
introduced  2  ml  each  of  the  inactive  and  1  ml  each  of  the  active  C0SO4  solutions.  To  each  of  these  tubes  was 
then  added  various  volumes  of  K4[Fe(CN)5]  solution  (from  0.2  to  1.3  ml)  and  the  total  volume  in  each  tube  made 
up  to  5  ml  with  distilled  water. 

After  20  minutes  in  a  water  bath  at  60-70",  the  tubes  and  their  contents  were  centrifuged  for  20  minutes. 

By  means  of  a  special  apparatus  and  a  pipet,  1  ml  of  each  centrifuge  was  transferred  from  the  tubes  to  a  2  ml 
crucible. 

The  activity  of  the  samples  of  centrifugate  taken  was  measured  on  a  type  B  setup. 

In  Table  1  and  Fig.  1  are  given  the  results  for  a  radiometric  titration  of  C0SO4  with  K4fFe(CN)6]  solution. 
The  designation  "control"  is  applied  to  the  activity  of  1  ml  of  the  mixture  (2  ml  of  inactive  and  1  ml  of  active 
C0SO4  solution)  which  has  been  diluted  with  distilled  water  to  5  ml  and  to  which  no  K4[Fe(CN)^]  solution  has 
been  added. 

In  the  initial  stages  of  the  titration  the  experimental  results  lie  quite  well  on  a  straight  line.  Subsequent 
deviation  of  the  titration  curve  from  linearity  can  be  explained  by  the  appreciable  solubility  of  the  cobalt 
ferrocyanide  precipitate. 

Further  addition  of  K4[Fe(CN)6]  solution  is  not  expedient  in  the  given  instance,  since,  according  to  Langer's 
results  [3],  during  radiometric  titration  in  which  soluble  precipitates  are  formed,  the  equivalence  point  is  deter¬ 
mined  by  extrapolating  the  linear  section  of  the  titration  curve  to  null  activity,  and  construction  of  the  whole 
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titration  curve  is  not  necessary  [4,5],  Thus,  the  linear  section  of  the  curve  which  we  obtained  during  radio- 
metric  titration  of  C0SO4  with  K^FefCN)^]  solution  is  more  than  sufficient  for  graphical  determination  of  the 
volume  of  K^tFefCN)^]  solution  requited  for  binding  the  Co*^  ions  completely. 

TABLE  1 

Determination  of  the  Composition  of  the  Cobalt  Ferrocyanide  Precipitate  by  Radio - 
metric  Titration 


Crucible 

K4[Fe(CN),] 
solution  add-' 

Activity  of  1.0 
ml  of  mother 
liquor  after  sub¬ 

Cruci- 
5le  No 

KiFefCN)^] 

solution 

No, 

ed,  ml 

tracting  back  - 

added, ml 

Control 

--  ---  - 

ground, impr  min 

. - 

0 

2002 

7 

0,8 

1 

0,2 

1789 

8 

0,9 

2 

0,3 

1692 

9 

1.0 

3 

0,4 

1494 

10 

1,1 

4 

0,5 

1482 

11 

1,2 

5 

6 

0,6 

0,7 

1394 

1289 

12 

1,3 

ml  of  mother 
liquor  after  sub¬ 
tracting  back- 
Iground.imprmin 

1267 
1085 
983 
1012 
906 
868 


Fig.  1,  Determination  of  the  composition  of  cobalt 
ferrocyanide  precipitate  by  means  of  the  radiometric 
titration  curve. 


Fig.2.  Radiometric  titration  curves  of  cobalt  with 
potassium  ferrocyanide. 


When  the  acidity  of  the  solution  was  high  it  was  observed  that  the  precipitate  dissolved  appreciably.  In 
such  cases  it  was  necessary  to  add  small  amounts  of  sodium  acetate  or  ammonia  until  the  pH  was  5. 0-5.5.  With¬ 
in  this  pH  range  no  shift  in  the  equivalence  point  was  observed. 

Radiometric  titration  establablished  that  at  low  concentrations  of  C0SO4  and  K^FefCN)^],  the  composition 
of  the  precipitate  can  be  expressed  by  the  formula  5COj[Fe(CN)6]  •  K4[Fe(CN)6]  or  (what  is  the  same )  - 
K4CO|o[Fe(CN)g]6  ;  this  formula  is  in  complete  agreement  with  that  established  by  Tananaev  and  Levina  by  a 
physicochemical  analytical  method. 

Radiometric  determination  of  small  amounts  of  cobalt.  Results  of  radiometric  titration  are  given  in  Table  2 
and  in  Fig.  2. 
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TABLE  2 

Determination  of  Cobalt  by  Radiometric  Titration 


Co 

taken, 

mg 

Amount  of 

standard 

K4[Fe(CN)6] 

solution 

added  Vi 

ml 

Activity  of  1 
mother  liquo 
tracting  bad 
miiL _ 

ml  of 
r  after  sub- 
cground  imp/ 

Amount  of 
titrated  so¬ 
lution  at  the 
equivalence 
point  Vx  1 
ml 

Co 

found, 

mg 

Error,  % 

0,7808 

0,7 

2139 

2,016 

0,7910 

+1.30 

0,7808 

0,9 

o2/l 

1793 

1,989 

0,7804 

—0,06 

0,7337 

0,6 

2390 

1 ,842 

0,7227 

—1,50 

0,7337 

0,8 

1933 

1,760 

0,6887 

-6,14 

0,6866 

0,5 

2617 

1,61 

0,6317 

—8,0 

0,6866 

0,7 

1 

2275 

1,75 

0,6866 

— 

0,6394 

0,4 

3112 

1,63 

0,6396 

+0,04 

0,6394 

0,6 

01  Id 

2749 

1,80 

0,7062 

+10,44 

0,5923 

0,3 

3848 

1,50 

0,5885 

—0,65 

0,5923 

0,5 

3272 

1,56 

0,6121 

+  3,34 

TABLE  3 

Determination  of  Cobalt  after 
Removal  of  Nickel 


Taken,  mg 

Found,  mg 

Ni 

Co 

Co 

5,8 

0,5448 

0,5534 

6,7 

0,6154 

0,6193 

7,6 

0,6626 

0,6,584 

8,8 

0,7568 

0,7536 

The  equivalence  point  was  determined  both  graphically  and 
analytically  by  the  formula  given  in  the  work  of  Langer  [3],  and  Alimarin 
and  Gibalo  [4]. 

The  results  given  in  Table  2  show  that  it  is  possible,  in  principle, 
to  determine  small  amounts  of  cobalt  by  radiometric  titration  with 
potassium  ferrocyanide  using  Co'^  as  indicator.  In  order  to  determine 
cobalt  in  a  solution  containing  nickeLthe  latter  was  precipitated  with 
dimethylglyoxime.  A  weakly  acid  solution  containing  nickel  and  cobalt 
salts  was  heated  to  the  boil,  a  dimethylglyoxime  solution  was  added  , 
this  was  followed  by  sodium  acetate  until  a  precipitate  was  formed ; 
some  sodium  acetate  was  then  added  in  excess.  The  precipitate  which 
settled  out  was  centrifuged  and  washed,  and  the  cobalt  determined  in 
the  filtrate  by  radiometric  titration. 


As  is  evident  homTable  3,  the  results  obtained  in  this  case  were  satisfactory. 


SUMMARY 

By  radiometric  titration  of  small  concentrations  of  cobalt  ions  with  potassium  ferrocyanide,  it  has  been 
established  that  the  composition  of  the  precipitate  formed  corresponds  to  the  formula  K^OiofFefCN)^]^. 

The  possibility  has  been  demonstrated  of  determining  small  amounts  of  cobalt  by  radiometric  titration 
with  potassium  ferrocyanide  using  Co‘°  as  indicator. 
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POLAROGRAPHIC  DETERMINATION  OF  BERYLLIUM  IN  A  SUPPORTING 
ELECTROLYTE  OF  TETRAETHYLAMMONIUM  IODIDE 

P.  N.  Kovalenko  and  O,  I.  Gelderovich 
Rostov -on -Don  State  University 

The  polarography  of  beryllium  has  been  studied  by  Heyrovskii  and  Berezitskii  [1].  It  has  been  shown  [2] 
that  during  electrolysis  of  solutions  of  beryllium  sulfate  or  chloride  two  polarographic  waves  develop;  the  first 
is  the  hydrogen  reduction  wave  at  -1,48  volt,  and  the  second  is  the  reduction  wave  of  beryllium  at  a  potential 
of  -1.84  volt.  However,  this  wave  is  sharply  deformed,  it  is  not  reproducible,  and  does  not  permit  a  sufficiently 
accurate  and  reliable  determination  of  beryllium. 

When  tetramethyl-  and  tetraethylammonium  salts  are  used  as  a  supporting  electrolyte  a  clearly  defined 
polarographic  wave  is  obtained  for  beryllium.  Under  these  conditions  the  diffusion  ciurent  Is  directly  proportional 
to  the  beryllium  concentration  (Fig.  1). 

Since,  on  taking  polarograms,  beryllium  salts  give  a  current  maximum, 
tetraethylammonium  iodide  (0.1  mole/ liter),  which  can  simultaneously 
suppress  this  maximum,  was  used  as  a  supporting  electrolyte.  Measurements 
were  made  at  a  pH  of  2.20-2.40.  At  higher  pH  values  hydrolytic  decom¬ 
position  of  the  beryllium  salts  occur.  The  primary  solution  used  was  one 
of  chemically  pure  beryllium  sulfate;  the  concentration  of  the  solution  was 
1  •  10"*  mole/ liter.  Polarograms  were  taken  over  the  range  of  concentra¬ 
tions  5  •  10"^  to  2  •  10“*  mole  Alter.  During  these  experiments  the  ap¬ 
paratus  used  was  a  visual  polarograph,type  M-7,of  the  Scientific  Research 
Institute  of  Gorky  University;  it  was  provided  with  a  galvanometer  with  an 
absolute  sensitivity  of  3.2  •  10"*  amp/mm/ meter  (a);  Rinternal  ” 

R^j  =  400  ohm.  The  distance  of  the  center  of  the  galvanometer  lyirror  to 
the  scale  was  0.25  meter  (1).  The  capillary  constant  was  m*^*  t^  *  = 

=2.148  mg  *' *  sec“*^*  (m  =  2.88  mg/sec,  t  =  0.7  sec).  The  shunting  coef¬ 
ficient  was  b  =  100.  The  temperature  of  the  solution  being  polarographed 
was  19*,  The  diffusion  cunent  i^|  was  measured  every  0.04  volt;  a  saturated 
calomel  electrode  was  used  as  the  external  anode. 

Conversion  of  the  height  of  the  polarographic  wave  h,  expressed  in  mm,  into  the  diffusion  current  i^  in  p  a, 
was  carried  out  by  a  formula  which  we  have  given  previously  [3]  (Fig.2). 

The  table  contains  results  of  measurements  of  the  diffusion  cunent  as  a  function  of  the  beryllium  sulfate 
concentration. 

As  is  evident  from  the  results  given  in  Table  1,  the  relation  between  i^j  and  beryllium  concentration  is 
only  linear  at  low  pH  values  of  the  solution  (2.2-2.4  and  lower).  Above  this  limiting  pH  hydrolytic  decomposi¬ 
tion  of  beryllium  salts  occurs,  and  a  solid  phase  is  formed,  as  a  result  of  which  the  diffusion  current  drops  sharp¬ 
ly;  under  such  conditions  i^j  decreases  to  a  greater  extent  the  higher  the  pH  (Table).  This  limiting  hydrogen 
ion  concentration  at  which  a  solid  phase  of  Be(OH)2  is  formed  depends  on  the  concentration  of  the  beryllium 
salt.  Thus  for  a  beryllium  concentration  of  2  •  10“*  mole/liter,  the  pH  at  which  a  solid  phase  starts  to  appear 
is  2.35,  while  for  a  concentration  of  1  •  10 “*mole/ liter  it  is  2,5,  and  for  5  •  10"^  the  pH  is  2.65,etc. 


id 

no 

wo 

50 

5f0'*ff0'^  2W'^ 

mmole/ liter 

Fig.  1.  Relation  between  the 
diffusion  current  and  Be  con¬ 
centration.  S  =  l/lOO;  support¬ 
ing  electrolyte  0.1  M  (CxH5)4Nr. 
K  =  id/c  =  70. 


The  Relation  between  the  Diffusion  Current  and  Beryllium  Concentration  ;  S  =  l/lOO, 
m*/*  t^/®  =  =  2.148  mg*/*  sec"*/*,  pH  2.20-2.65 


Initial  beryl¬ 
lium  con¬ 
centration^ 
mole  liter 

Height  oi 
the  dif¬ 
fusion.,  . 
wave  (h), 
p  a 

Diffusion 

current 

(id)»Ma 

pH  of 
the  solu¬ 
tion 

Initial  beryl¬ 
lium  con¬ 
centration. 

sion  wave 
(h),pa 

Diffusion 
current 
:id).  pa 

pH  of 
the 

solution 

2-10-3 

106,0 

135,0 

2,20 

0,10-10-3 

5,4 

6,9 

2,20 

1,8-10-3 

96,5 

124,0 

2,20 

2,10-3 

105,0 

134,5 

2,42 

1,5-10-3 

80,0 

102,0 

2.20 

2-10-3 

97.0 

124,0 

2,45 

1,25-10-3 

65,0 

83,0 

2,20 

2- 10-3 

70,0 

89,5 

2,65 

1,20-10-3 

62,0 

73,0 

2,20 

1-10-3 

.50,0 

64,0 

2,48 

1-10-3 

52,0 

66,5 

2,20 

1-10-3 

37,0 

47,4 

2,55 

0,8-10-3 

42,0 

54,0 

2,20 

1-10-3 

28,5 

36,5 

2,65 

0,6-10-3 

.31,0 

40,0 

2,20 

0,5-10-3 

17,0 

21,76 

2,70 

0,5  10-3 

26,0 

.33,0 

2,20 

0,5-10-3 

10,0 

12,80 

2.75 

0,25-10-3 

12,5 

16,0 

2,20 

0,5-10-3 

5,0 

8,96 

2,90 

Fig.2.  The  relation  between  the  diffusion  current  of  beryllium 
sulfate  and  its  concentration,  in  a  supporting  electrolyte  of  0.1  M 
tetraethylammonium  iodide.  S  =  l/ 100. 

1)  2  •  10“*  mole/ liter  Be;  i^j  =  135jia,  2)  1.25  •  10"*  mole/ liter 
Be;  ijj  =  83  pa,  3)  1.0  •  10"*  mole/ liter  Be;  i^j  =  66.5  pa,  4) 
0.5  •  10"*  mole/ liter  Be;  ij  =  33  pa,  5)  0.25  •  10"*  mole/liter 
Be;  ij  =  15.6  p  a. 


The  table  contains  results  of  measurements  of  the  diffusion  current  as  a  function  of  the  beryllium  sulfate 
concentration. 

As  is  evident  from  the  results  given  in  the  table,  the  relation  between  Ijj  and  beryllium  concentration  is 
only  linear  at  low  pH  values  of  the  solution  (2.2-2.4  and  lower).  Above  this  limiting  pH  hydrolytic  decomposi¬ 
tion  of  beryllium  salts  occurs,  and  a  solid  phase  is  formed,  as  a  result  of  which  the  diffusion  current  drops  sharply; 
under  such  conditions  i^  decreases  to  a  greater  extent  the  higher  the  pH  (table). ,  This  limiting  hydrogen  ion 
concentration  at  which  a  solid  phase  of  Be(OH)2  is  formed  depends  on  the  concentration  of  the  beryllium  salt. 
Thus,  for  a  beryllium  concentration  of  2  •  10"*  mole/ liter,  the  pH  at  which  a  solid  phase  starts  to  appear  is 
2.35,  while  for  a  concentration  of  1  *  10  “*  mole/ liter  it  is  2.5,  and  for  5  •  10"^  the  pH  Is  2.65, etc. 
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SUMMARY 

Beryllium  has  been  determined  polarographically  in  a  supporting  electrolyte  of  tetraethylammonium  iodide 
at  a  pH  not  higher  than  2.2-2.4. 
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AMPEROMETRIC  TITRATION  OF  GALLIUM  IN  THE  PRESENCE 
OF  PHOSPHATE  BY  MEANS  OF  COMPLEXON  III 


N.  N.  Chudinova 

The  N.  S.  Kurnakov  Institute  of  General  and  Inorganic  Chemistry, 
Acad.  Sci.  USSR,  Moscow 


Determination  of  gallium  in  the  presence  of  phosphate  is  connected  with  certain  difficulties  which  are 
caused  by  precipitation  of  gallium  phosphate  on  increasing  the  pH  of  the  solution  to  about  2.7.  This  excludes 
the  use  of  the  usual  gravimetric  methods  for  the  determination  of  gallium  by  precipitation  of  its  hydroxide  [1], 
and  also  excludes  the  photometric  determination  of  gallium  with  quinalizarin  (pH  5).  Comparatively  good  results 
are  obtained  by  the  hydroxyquinoline  method  when  one  is  working  with  a  comparatively  large  amount  of  gallium 
(tens  of  milligrams).  An  indirect  titrimetric  method  has  been  developed  for  the  determination  of  gallium  in  the 
presence  of  POV*''  the  gallium  is  determined  in  the  form  of  its  complexonate  using  dithizone  as  indicator  [2]. 


Amperometric  Titration  of  Gallium  with 
Complexon  m  in  the  Presence  of  100-1000 
times  Its  Amount  of  PO4* 


We  have  established  that  it  is  possible  to  determine 
gallium  in  the  ixesence  of  phosphate  by  direct  amperometric 
titration  with  Complexon  HI  using  the  anodic  current  of  the 
oxidation  of  the  complexoA  at  a  potential  of  0.8 -1.0  volt  (with 
respect  to  the  saturated  calomel  half-element)  [3].  The 
requisite  potential  was  applied  to  the  electrodes  before  im¬ 
mersing  them  in  the  test  solution.  The  0.1  M  gallium  chlor¬ 
ide  was  established  by  the  hydroxyquinoline  method,  while  the 
0.05  M  Complexon  HI  solution  was  standardized  by  titrating  it 
with  a  zinc  chloride  solution  using  acid  chrome  blue  as  indic¬ 
ator. 

Gallium  is  determined  as  follows:  to  a  solution  contain¬ 
ing  1.5-40  mg  of  Ga  and  100-1000  times  its  amount  of  PO^i 
is  added  HCl  (1:1)  until  the  precipitate  of  GaP04  has  dissolved 
(pH  about  1.5 -2.5);  the  solution  is  diluted  with  water  to  25  ml 
and  is  then  titrated  with  0.05  M  Complexon  m.  The  titrated 
•These  values  are  the  mean  of  three  with  0.05  M  Complexon  HI.  The  titration  curve  has  a  L -shape 

parallel  determinations.  The  increase  in  the  current  after  the  equivalence  point  is  pro¬ 

portional  to  the  concentration  of  excess  complexon  in  the 
solution  up  to  a  concentration  of  about  2  •  10"*-3  •  10"*  m/ liter.  On  addition  of  more  complexon  the  current 
changes  slowly. 

As  the  table  shows,  the  method  gives  satisfactory  results(mean  experimental  error  <  0.5% )  for  a  gallium 
content  of  2.5-40  mg.  A  determination  takes  10-15  minutes. 


Ga  taken. 

Ga* 

Deviation 

mg 

found, 

mg 

in  mg 

in  % 

39.79 

39,80 

-1-0,01 

0,027 

31 ,83 

31,80 

—0,03 

0,094 

23,87 

23,89 

-f0,02 

0,083 

15,91 

15,92 

+0,01 

0,062 

7,90 

7,95 

-0,01 

0,13 

3,98 

3,99 

+0.0i 

0,25 

2,39 

2,38 

-0.01 

0,42 

1.59 

1,54 

-0,05 

3,1 
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DETERMINATION  OF  TELLURIUM  IN  LEAD -ANTIMONY -TELLURIUM 
ALLOYS 


I.  P.Onufrienok  and  V.  M.  Aksenenko 
Tomsk  Polytechnical  Institute 


The  rapid  and  accurate  method  of  determining  tellurium  in  pure  tellurium  and  in  antimony -tellurium 
alloys  [1]  has  proved  unsuitable  for  alloys  containing  large  amounts  of  lead,  because  of  incomplete  reduction 
of  tellurium.  In  an  alkaline  medium,  lead  interferes  with  the  reduction  of  tellurium  by  most  of  the  known 
reducing  agents. 

We  have  found  that  tellurium  can  be  quantitatively  separated  from  lead  and  from  most  other  elements  by 
reducing  it  to  the  metal  from  a  tartaric -nitric  acid  solution. 

EXPERIMENTAL  PROCEDURE 

An  aliquot,  containing  from  1  to  20  mg  of  tellurium  is  placed  in  a  ISOmlconical  flask  fitted  with  a  glass 
stopper.  For  each  g  of  alloy,  2  ml  of  nitric  acid  (sp.gr.  1.4)  and  3  ml  of  30%  tartaric  acid  are  taken.  Decomposi¬ 
tion  is  carried  out  by  gentle  heating  for  10  minutes.  10-20  ml  of  water  is  then  added  to  the  flask  and  the  contents 
boiled  for  2-3  minutes  to  remove  nitrogen  oxides.  While  still  hot  the  solution  is  neutralized  with  40%  sodium 
hydroxide  solution.  During  neutralization  the  lead  hydroxide  which  is  initially  formed  rapidly  dissolves ,  while 
towards  the  end  of  neutralization  it  dissolves  slowly  even  on  shaking  and  heating  the  flask.  It  is  important  not 
to  add  excess  sodium  hydroxide.  Neutralization  is  stopped  when,  on  mixing  and  heating  the  solution  to  the 
boil,  the  small  amount  of  flocculent  precipitate  of  lead  hydroxide  starts  to  change  into  a  heavy  crystalline  pre¬ 
cipitate  of  lead  tartrate.  The  amount  of  the  latter  should  not  exceed  in  volume  that  of  2-3  match  heads.  If,  as 
a  result  of  careless  neutralization,,  more  lead  tartrate  than  the  amount  indicated  is  formed,  a  few  drops  of  nitric 
acid  is  added  to  dissolve  this  precipitate  on  heating,  and  the  solution  then  neutralized  carefully  with  sodium  hy¬ 
droxide. 

After  neutralization,  a  20%,  solution  of  stannous  chloride  is  added  dropwise,  with  stirring,  to  the  solution 
which  is  heated  almost  to  the  boil;  the  stannous  chloride  is  added  until  the  tellurium  has  completely  dissolved 
(as  well  as  selenium,  silver,  gold,  copper).  After  the  solution  has  cleared, reduction  of  tellurium  is  carried  to 
completion. 

The  supernatant  liquid  (after  standing  for  5-10  minutes)  is  filtered  through  a  funnel  fitted  with  a  plug  of 
glass  wool  and  asbestos,  endeavoring  not  to  transfer  any  of  the  precipitate  into  the  funnel.  The  filtrates  are 
collected  separately  and  completeness  of  reduction  of  tellurium  checked  again.  The  tellurium  precipitate  in  the 
flask  is  washed  by  decantation  3-4  times  with  small  portions  of  hot  30%  ammonium  acetate  for  removing  lead 
from  the  precipitate,  and  then  3-4  times  with  hot  2%  sodium  sulfate  solution;  during  this  process  the  tellurium 
precipitate  is  almost  completely  transferred  onto  the  funnel.  The  precipitate  is  only  quantitatively  transferred 
onto  the  funnel  when  the  alloys  contains  gold. 

After  washing  the  precipitate,  the  stem  of  the  funnel  is  washed  from  the  outside  and  the  liquid  in  it  re¬ 
moved,  the  funnel  and  precipitate  is  placed  in  the  neck  of  the  flask  in  which  reduction  was  carried  out.  0.1 -0,2  g 
of  NaNOj  is  placed  on  the  filter  with  the  tellurium  precipitate,  the  funnel  is  covered  with  a  watch  glass,  and 
carefully,  but  rapidly,  2-3  ml  of  a  mixture  consisting  of  2  ml  of  nitric  acid  (sp.gr.  1.4)  and  3  ml  of  30%  tartaric 
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acid  is  introduced  under  the  watch  glass.  A  turbulent  reaction  occurs  and  the  tellurium,  after  1-2  minutes, 
dissolves;  the  solution  is  collected  in  the  flask  and  the  filter  washed  with  HNOs  (1:100).  The  funnel  and  plug 
can  be  used  for  subsequent  filtering  of  the  tellurium  as  long  as  the  alloy  does  not  contain  gold. 


The  filtrate  obtained  is  boiled  for  2-3  minutes  and  then  neutralized  with  dO^o  sodium  hydroxide  in  the 
presence  of  phenolphthalein  until  the  rose  color  of  the  latter  is  obtained;  6  drops  of  A^°h  sodium  hydroxide  is 
then  added  in  excess  and  the  solution  heated;  if,  during  this  process,  metallic  silver  separates  out,  the  latter 
is  filtered  off  through  a  funnel  fitted  with  a  plug  of  glass  wool  and  asbestos,  and  the  latter  washed  with  2%  sodium 
sulfate  solution.  To  the  filtrate,  depending  on  the  copper  content,  is  added  1  to  10  ml  of  2 N  potassium  ferro- 
cyanide  and  5  ml  of  a  freshly  prepared  20%  solution  of  lactose,  and  the  solution  boiled  for  15-20  minutes  until 
the  tellurium  is  completely  coagulated;  after  standing,  the  solution  is  filtered  through  a  funnel  fitted  with  a 
plug  of  glass  wool  and  asbestos.  The  precipitate  is  washed  by  decantation  with  2%  sodium  sulfate  solution  (the 
precipitate  is  not  quantitatively  transferred  onto  the  funnel  on  washing  with  the  sodium  sulfate). 

The  washed  precipitate  is  washed  back  off  the  asbestos  with  a  stream  of  water  into  the  flask,  the  funnel 
with  residual  precipitate  and  the  glass  wool  plug  are  placed  in  the  flask;  10  ml  of  4  N  sulfuric  acid  is  poured 
in  small  portions  into  the  funnel,  and  15  ml  of  0.1  N  potassium  dichromate  passed  from  a  buret  through  the 
funnel  in  order  to  dissolve  particles  of  tellurium  adhering  to  the  funnel. 

After  the  particles  of  tellurium  have  been  dissolved>the  funnel  is  washed  with  what  is  left  of  the  10  ml  of 
4  N  sulfuric  acid  and  with  water.  The  particles  of  tellurium  adhering  to  the  wall  of  the  flask  are  washed  off  by 
means  of  the  filtrate  collected  in  the  flask  and  complete  solution  of  the  tellurium  is  effected,  as  can  be  seen 
by  the  disappearance  of  the  black  particles  of  tellurium.  The  tellurium  dissolves  more  rapidly  on  heating  the 
flask  to  50-60*.  The  solution  is  then  cooled,  and  excess  dichromate  reduced  with  0.1  N  hydrogen  peroxide, 
which  is  added  from  a  buret  at  a  rate  of  not  more  than  2-3  drops  per  second  with  continuous  stirring.  Titration 
with  0.1  N  hydrogen  peroxide  is  carried  on  until  a  pure  green  color  is  obtained;  at  this  point  a  small  excess  of 
the  standard  solution  is  added.  Excess  of  the  latter  is  immediately  titrated  with  0.1  N  potassium  permanganate 
until  there  is  a  clearly  defined  change  from  green  to  lilac. 


The  amount  of  tellurium  is  calculated  by  means  of  the  formula: 


%Te  = 


[(v^Ni  4  Vj/Vz)  —V,  Na]’2l,2l>m 

ioOO.'n 


where  Vj  and  Nj  are  the  volume  and  normality  of  the  potassium  dichromate;  V2  and  Nj  are  the  volume  and 
normality  of  the  potassium  permanganate,  Vs  and  N3  are  the  volume  and  normality  of  hydrogen  peroxide,_ni8 
the  weight  of  alloy  taken. 

Determination  of  tellurium  in  two  samples,  test  and  control,  takes  2-3  hours. 

When  a  test  aliquot  contains  from  1  to  20  mg,  the  relative  error  lies  within  the  limits  1  to  3% (Table). 
Of  particular  importance  is  the  fact  that  the  titration  end  point  is  much  more  clearly  defined  than  is  the 
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case  in  the  titration  with  potassium  dichromate  and  Mohr's  salt  using  diphenylamine  as  the  indicator.  High 
results  will  be  obtained  on  using  hydrogen  peroxide  for  reducing  excess  potassium  dichromate  only  when  the 
hydrogen  peroxide  solution  is  added  rapidly  without  adequate  stirring. 


SUMMARY 

A  method  which  is  comparatively  accurate  and  rapid  has  been  developed  for  the  determination  of  tellur¬ 
ium  in  lead-antimony-tellurium  alloys;  the  method  has  a  titrimetric  finish. 

LITERATURE  CITED 

[1]  I.  P.  Onufrienok  and  V.  M.  Aksenenko,  J.  Anal.  Chem.  13,  119  (1958).* 

Received  July  2,  1958. 


•Original  Russian  pagination.  See  C.  B.  translation. 


707 


DETERMINATION  OF  THE  SULFOCHLORIDE  NUMBER 


Yu.  M.  Volkov 

Ukrainian  Scientific  Research  Institute  of  Coal  Chemistry,  Kharkov 


In  order  to  obtain  high  molecular  weight  sulfonates,  sulfamides,  and  sulfoethers  of  good  quality  by  sulfo- 
chlorination  of  hydrocarbons,  the  reaction  is  stopped  when  25-30%  of  the  hydrocarbons  has  been  converted  into 
the  sulfochlorides  [1-4],  As  a  result  of  the  chlorination  side  reaction  which  occurs  at  the  same  time,  chlorinated 
hydrocarbons  are  formed:  these,  combined  with  unchanged  hydrocarbons,  constitute  what  is  called  the  "reflux 
oil."  The  mixture  of  sulfochlorides,  chlorinated  hydrocarbons,  and  hydrocarbons  —  the  so-called  sulfonated  mass 
then  undergoes  further  treatment  (saponification,  amidation,  esterification).  Accordingly,  it  is  necessary  to 
know  the  sulfochloride  content  of  the  sulfonated  mass.  This  can  be  accurately  and  simply  expressed  by  the 
sulfochloride  number  (S.N);  the  following  procedure  is  suggested  for  determination  of  this  number. 

A  1-1.5  g  aliquot  of  the  sulfonated  mass  which  has  been  treated  beforehand  with  an  inert  gas  is  rapidly 
weighed  out  on  an  analytical  balance  into  a  flask  fitted  with  a  ground  glass  stopper,  and  dissolved  in  50  ml  of  an 
acetone-ether  mixture  (1:3),  The  solution  obtained  is  titrated  with  an  alcoholic  solution  of  KOH,  using  a  few 
drops  of  cresol  red  as  indicator,  to  the  appearance  of  a  rose  color  which  does  not  disappear  in  the  course  of  10-15 
seconds.  Then  having  added  to  the  flask  the  same  number  of  ml  of  the  same  alkali  as  was  used  for  titrating  to 
the  first  rose  color,  the  flask  is  allowed  to  stand  for  2  hours  at  room  temperature. 

After  standing  for  two  hours  the  solution  is  first  titrated  with  hydrochloric  acid  (0.1  N)  until  the  color 
changes  from  a  purple -red  to  an  amber  yellow,  it  is  then  titrated  with  alcoholic  KOH  (0.1  N)  until  a  purple -red 
color  appears. 

The  sulfochloride  number  is  determined  in  duplicate.  At  the  same  time  one  blank  is  carried  out  by  direct 
titration  with  hydrochloric  acid  (0.1  N). 

The  sulfochloride  number  is  calculated  by  means  of  the  formula: 

Sulfochloride  number  =  _ (“  ~  P)  T’  -i-  a  T  ^  KOH  I 

e  1  g  I 

where  a  is  the  number  of  ml  of  0.1  N  hydrochloric  acid  used  for  the  direct  titration  in  the  blank  experiment; 
a’  is  the  number  of  ml  of  0.1  N  KOH  used  during  the  back  titration  in  the  test;  6  is  the  number  of  ml  of  0.1  N 
hydrochloric  acid  used  during  the  direct  titration  in  the  test;  T  is  the  factor  of  the  0.1  N  hydrochloric  acid  with 
respect  to  KOH;  T’  is  the  factor  of  the  0,1  N  KOH  solution;  and  e  is  the  weight  of  sample  taken. 

• 

Knowing  the  sulfochloride  number  and  the  molecular  weight  of  the  sulfochloride ,  the  sulfochloride  content 
mass  is  readily  calculated. 

The  method  developed  is  characterized  by  its  simplicity  and  accuracy,  and  by  the  cheapness  of  the  re¬ 
agents  used.  Neitzel's  method  [5]  is  not  applicable  in  this  case  because  the  results  obtained  are  high  and  are  not 
reproducible.  This  can  be  explained  by  insufficient  dispersion  of  the  sulfonated  mass,  and  by  detachment  of  the 
chlorine  from  the  chlorinated  hydrocarbons  of  the  sulfonated  mass  on  heating  to  the  boil,  as  recommended  by 
Neitzel.  By  using  a  special  mixture  of  solvents,  and  by  leaving  the  reagents  in  contact  with  each  other  at  room 
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temperature,  we  were  able  to  avoid  these  errors.  The  reproducibility  of  the  results  by  the  given  method  lies 
within  the  limits  98-997o,  while  the  experimental  accuracy  is  91-91.5°lo. 
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REVIEWS  AND  BIBLIOGRAPHY 


THE  ANALYTICAL  CHEMISTRY  OF  INDIUM. 

Monograph  by  A.  I.  Busev 

(Izd.  AN  SS8R.  Moscow,  1958) 

The  part  played  at  present  by  the  rare  elements,  in  particular  by  indium,  in  science  and  technology  has  led 
to  an  intensive  development  of  appropriate  analytical  methods.  That  such  is  the  case  is  shown  by  the  numerous 
papers  which  have  appeared  in  recent  years.  In  this  connection  therefore,  the  publication  in  1958  by  tlie  Academy 
of  Sciences  of  A.  I.  Busev’s  monograph  "The  analytical  chemistry  of  indium"  is  very  timely.  In  the  monograph 
under  review  all  the  literature  on  methods  of  detecting,  determining,  and  separating  indium  published  through 
1956  inclusively  has  been  collected  and  carefully  systematized. 

In  chapter  1  the  author  compares  the  most  important  qualitative  reactions  for  die  detection  of  indium, the 
essential  methods  for  its  quantitative  determination,  and  the  methods  for  separating  it  from  interferring  elements. 

In  the  succeeding  chapters  the  author  gives  a  detailed  description  of  the  analytical  methods  of  determining 
indium,  the  methods  being  arranged  according  to  the  reactions  leading  to  the  formation  of  the  conesponding  com¬ 
pounds,  while  they  are  classified  according  to  the  usually  accepted  method  (i.e.tgravime'tric,  titrimetric,  photo¬ 
metric,  etc^. 

It  should  be  pointed  out,  however,  that  such  a  classification  may  prove  inconvenient,  in  the  sense  that  it 
may  be  difficult  to  get  a  complete  grasp  of  this  or  that  analytical  method,  but,  on  the  other  hand,  it  has  the 
advantage  that  it  gives  an  exhaustive  picture  of  the  possibilities  of  the  use  of  a  certain  reagent  in  the  analytical 
chemistry  of  the  given  element. 

In  the  monograph,  the  authar  not  only  touches  upon  existing  methods  of  determining  indium,  but  also 
gives  complete  chemical  characterization  of  indium  halides,  the  solubility  and  solubility  product  of  its  ferro- 
cyanide  and  thiocyanate  complexes,  and  the  extractability  of  the  bromide  and  other  halide  derivatives  of  indium 
by  various  organic  solvents,  etc. 

Both  Russian  and  foreign  literature  is  made  full  use  of  in  the  monograph.  The  literature  cited  by  the 
author  has  not  been  taken  at  random  but  has  been  critically  chosen.  On  the  basis  of  the  published  material, and 
on  the  basis  of  the  author's  personal  experience  in  this  field,  the  advantages  and  disadvantages  of  the  analytic¬ 
al  methods  described  are  pointed  out. 

The  published  monograph  is  very  useful,  not  only  for  specialists  working  with  widely  scattered  elements, 
but  also  for  a  wide  circle  of  chemists. 


Yu.  A.  Chernikhov 
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A  NEW  REAGENT  FOR  GALLIUM 


A  new  reagent  for  the  luminescent  determination  of  gallium  has  been  synthesized  in  the  All  Union 
Scientific  Research  Institute  of  Chemical  Reagents  (IREA).  The  reagent  is  more  sensitive  and  selective  than 
acid  chrome  blue-black  and  sulfonaphtholazoresorcinol,  while  its  inner-complex  compound  with  gallium  can 
be  extracted  with  isoamyl  alcohol.  Using  this  reagent,  gallium  can  be  determined  in  the  presence  of  100  times 
its  amount  of  aluminum.  The  reagent  can  also  be  used  for  preparing  certain  salts  of  particularly  high  purity 
(for  purification  of  gallium  from  traces  of  aluminum,  zinc,  iron,  copper,  etc.). 

Organizations  and  firms  who  wish  to  try  the  new  reagent  can  get  a  free  sample  together  with  instructions 
for  its  use  by  applying  to  the  following  address:  Moscow  Zh-33,  Samokatnaya  Street,  D.  4a,  Institute  of  Chem¬ 
ical  Reagents. 

This  reagent  will  be  issued  by  the  chemical  industry  under  the  name  •Lumogallion  IREA";  it  can  be  ob¬ 
tained  in  any  amount  in  the  special  shop  of  No.2  Trust  "Soyuzreaktiv"  (Moscow  V-230,  Warsaw  Road.  135  a). 
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ANNOUNCEMENT 


A  conference  on  the  analysis  of  rare  and  semiconductor  elements  will  be  held  on  December  7-11  in 
Moscow;  this  conference  is  convened  by  the  Academy  of  Sciences  USSR  in  conjunction  with  Qosplan  USSR  and 
GNTK  of  the  USSR  Soviet  of  Ministers. 

The  purpose  of  the  conference  is  to  discuss  the  present  state,  the  outlook,  and  the  problems  of  the  analytical 
chemistry  of  rare  and  semiconductor  elements,  and  will  critically  examine,  systematize,  and  generalize  the 
material  available  in  research  institutes  and  industrial  laboratories  on  the  analysis  of  lithium,  beryllium,  cesium, 
rubidium,  scandium,  yttrium,  the  rare  earths,  thorium,  gallium,  indium,  thallium,  silicon,  germanium,  titanium, 
zirconium,  hafnium,  vanadium,  niobium,  tantalum,  molybdenum,  tungsten,  selenium,  tellurium,  and  rhenium. 

All  those  who  wish  to  participate  in  the  work  of  the  Conference  should  write  to  the  Organizing  Committee 
at  the  following  address:  Moscow,  Vorobevskii  Road,  47a.  Tel.  V-2-05-08  Ext.  52,  1-23. 

Organizing  Committee 
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Soviet  Research  on  the  LANTHANIDE 
AND  ACTINIDE  ELEMENTS,  1949-1957 


An  important  contribution  to  the  literature  of  nuclear  chemistry,  this  collection  of  papers  is  a 
comprehensive  presentation  of  Soviet  research  on  the  chemistry  of  lanthanides  and  actinides.  The  106  reports 
included  in  this  collection  appeared  in  the  major  Soviet  chemical  journals  translated  by  Consultants  Bureau, 
as  well  as  in  the  Soviet  Journal  of  Atomic  Energy,  1949-1957. 

'^e  five  sections,  totalling  657  pages,  provide  broad  representation  of  contemporary  Soviet 
research  in  this  important  aspect  of  nuclear  science.  This  collection  should  be  accessible  to  all  nuclear 
researchers,  whether  theoretical  or  applied. 


Each  part  may  be  purchased  as  follows: 


Basic  Chemistry  (25  papers) . $15.00 

Analytical  and  Separation  Chemistry  (30  papers) . $20.00 

Nuciear  Chemistry  (and  Nuclear  Properties)  (32  papers)  ...$22.50 

Geology  (10  papers) .  $7.50 

Nuclear  Fuel  Technology  (9  papers)  .  $7.50 

Complete  collection . $65.00 


RADIATION  CHEMISTRY, 

PROCEEDINGS  OF  THE  FIRST 
ALL-UNION  CONFERENCE  MOSCOW,  1957 

More  than  700  of  the  Soviet  Union’s  outstanding  research  scientists  participated  in  this 
conference  sponsored  by  the  Academy  of  Sciences  and  the  Ministry  of  the  Chemical  Industry.  Each  of  the 
56  reports  read  in  the  various  sessions  covers  either  the  theoretical  or  practical  aspects  of  radiation  chemistry, 
and  special  attention  is  given  to  radiation  sources  used  in  radiation-chemical  investigations.  The  general 
discussions  which  follow^  each  report  and  reflected  various  points  of  view  on  the  problem  under  analysis 
are  also  included. 

Primary  Acts  in  Radiation  Chemical  Processes 

heavy  paper  covers  5  reports,  plus  discussion  ......  illustrated . $25.00 

Radiation  Chemistry  of  Aqueous  Solutions  (Inorganic  and  Organic  Systems) 

heavy  paper  covers  15  reports,  plus  discussion  . . illustrated . $50.00 

Radiation  Electrochemical  Processes 

heavy  paper  covers  9  reports,  plus  discussion . illustrated . $15.00 

The  Effect  of  Radiation  on  Materials  Involved  in  Biochemical  Processes 

heavy  paper  covers  6  reports,  plus  discussion . illustrated . $12.00 

Radiation  Chemistry  of  Gimple  Organic  Systems 

heavy  paper  covers  9  reports,  plus  discussion  ......  illustrated  . . . .  •  —  $30.00 
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